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CARBOMC OXIDE POISOITUTG i n  MIIŒIS 
w i th  s p e c i a l  r e f e r e n c e  to  th e  
TYIiOBSTOWlT KXPLOSIOH.
-------- :o :- .— - -
The o c c u rre n c e  o f an  e x p lo s io n  a t  th e  O ^ lo rs to w n  c o l l ­
i e r i e s  ( o f  w h ic h  I  am th e  m e d ic a l o f f i c e r )  on J a n u a iy  
189 6, drevj- ]ijy- s p e c i a l  a t t e n t i o n  to  t h i s  s u h j e c t .
The e x p lo s io n  o c c u rre d  a b o u t 5*30 .a*m . and wa,s p ro ­
p a g a te d  th ro u g h  th e  th r e e  p i t s  by c o a l  d u s t .  F o r tu n a te ­
l y ,  i t  o c c u r re d  when m ost o f  th e  n ig h t  s h i f t  had  f i n i s h ­
ed , and  b e f o r e  th e  day-m en h ad  gone down, o r  th e r e  wouH  
h av e  b e en  a  much g r e a t e r  lo s s  o f l i f e .  As i t  happened , 
o n ly  90 men w ere  i n  th e  p i t s  a t  th e  tim e , o f  t h e s e ,57 
w ere  k i l l e d ,  and 33 w ere  b ro u g h t o u t a l i v e .  T h ree  o f  
th e  l a t t e r  w ere  s u f f e r in g  from  th e  e f f e c t s  o f  b u m s , and 
a f te rd a m p . B u t b e fo r e  e n te r in g  i n to  an  a n a ly s i s  o f  th e  
c a u se  o f  d e a th , as shown by an  e x a m in a tio n  o f  th e  bod­
i e s ,  some d e s c r ip t io n  sh o u ld  be g iv e n  o f  th e  co m p o sitio n  
a a d  a c t io n  o f  th e  a i r  found  i n  m in es, b e f o r e ,  and a f t e r
1 .
a n  e x p lo s io n .
The A ir  o f  M in e s :-  The a i r  o f m in es, w h e tiie r  c o a l ,  l e a d  
o r  w h a te v e r  m ine i t  may h e  i s  e x tre m e ly  l i a b l e  to  he  
v i t i a t e d ,  and  th e  am ount o f  v i t i a t i o n  p ro d u ced , i s  o f  
c o n s id e r a b le  im p o rta n c e  i n  r e l a t i o n  to  th e  h e a l t h  and  
s a f e t y  o f  th o s e  w o rk in g  i n  th e  m in e . The d i f f e r e n t  
im p u r i t i e s  t h a t  a r e  m et w i th  a r e  c s d le d  by  m in e rs  u n d e r  
su c h  names a s .  B lank-dam p. F ire -d a m p , W hite-dam p, Grob- 
s t i n k ,  A fte r-d a m p .
To v e n t i l a t e  a l l  m ines a  c u r r e n t  o f a i r  i s  p ro ­
duced and  t h i s  is  g u id e d  in to  e v e iy  p a r t  o f th e  m ine, 
a n d  i s  m anaged by  means o f  one s h a f t  w h ich  i s  known as 
th e  dow ncast, w h ich  s e rv e s  f o r  th e  su p p ly  o f  f r e s h  a i r ,  
w h ich  i s  d i s t r i b u t e d  to  th e  d i f f e r e n t  w o rk in g  p la c e s  by  
means o f  " in ta k e *  r o a d s .  The more o r  l e s s  im pure a i r  
th e n  p a s s e s  a lo n g  a  sy s tem  o f  " r e tu r n "  ro a d s  to  th e  up­
c a s t  s h a f t ,  by w h ich  i t  p a s s e s  o u t .  I n  th e  S ou th  W ales 
c o a l f i e l d ,  w here  th e  v e n t i l a t i o n  h a s  to  be done on a  
l a r g e  s c a l e ,  th e  c u r r e n t  i s  m a in ta in e d  by  means o f  a, 
c e n t r i f u g a l  f a n  p la c e d  a t  th e  u p c a s t  s h a f t .  So t h a t  i f  
th e  co m p o s itio n  o f  th e  a i r  i n  a  m ine i s  re q u ire d ,w e  can
2 .
o b ta in  i t  by  a n a ly s in g  th e  a i r  coming th ro u g h  th e  up­
c a s t  s h a f t ,  w h i le ,  i f  we t e s t  th e  a i r  a t  d i f f e r e n t  p a r t s  
o f  th e  m ine, we f i n d  th e  change i n  th e  a i r  due to  l o c a l  
c o n d i t io n s .
B lack -dam p . T h is  ij% )u rity  i s  m et w i th  i n  a l l  raines 
to  a  g r e a t e r  o r  l e s s e r  d e g re e . I t  i s  r e c o g n is e d  by 
th e  f a c t  t h a t  i t  e x t in g u is h e s  a  c a n d le  o r  lam p. When 
p r e s e n t  i n  s m a ll  q u a n t i t i e s ,  i t  c au se s  a  lam p o r  c a n d le  
to  b u rn  d im ly , w i t l io u t  p ro d u c in g  any n o t ic e a b le  e f f e c t  
02 1 men; i n  l a r g e r  am ounts i t  e x t in g u is h e s  a. c a n d le , o r  
lam p,‘ and  i n  s t i l l  l a r g e r  am ounts, i t  c a u se s  d e a th  by 
s u f f o c a t io n .  I t  i s  n e v e r  e x p lo s iv e  "Wien p r e s e n t  by i t - ,  
s e l f ,  and  i s  a lm o s t alw ays h e a v ie r  th a n  a i r ,  u n le s s ,  a s  
v e ry  f r e q u e n t ly  o c c u rs  i n  c o a l m ines i t  i s  fo u n d  m ixed 
w i t h  f i r e -d a m p .
B lack-dam p was u n t i l  l a t e l y  b e l ie v e d  to  i s s u e  from  
c o a l  and  o th e r  s t r a ta ,"  and wa,s commonly supposed  to  b e  
C arbon ic  A c id , I n v e s t ig a t i o n s  by D r , H a ld an e  and M r,
W, H, A tk in so n  have  shown t h a t  t h i s  i s  a  m is ta k e  and
T ra n s a c t io n s  o f  th e  I n s t i t u t e  , o f  Mi n i  iig E n g in e e rs  V o l . v i i i  
p ,5 4 9 , V o l x i ,p ,2 6 5 ,
3 ,
t h a t  b lack -d am p  i s  n o th in g  e l s e  b u t  th e  r e s i d u a l  g a s  
p ro d u ce d  by th e  a c t i o n  o f  a i r  on o x id is a b le  m a t e r i a l  
p r e s e n t  i n  c o a l  and o th e r  m a t e r i a l s .
P u re  b lack -d am p  i s  a  m ix tu re  c o n ta in in g  a b o u t 87 fo 
o f  n i t r o g e n  and  13 % o f  Carbon d io x id e ,  ih e  b lack -dam p  
m et w i th  i n  c o a l  m ines i s  fo rm ed  from  th e  o x id a t io n  o f  
I r o n  l y r i t e s  (FeSg) w iiich  i s  p r e s e n t  i n  c o a l ,  as  a  r e ­
s u l t  o f  t h i s  o x id a t io n  p ro c e s s ,  S u lp h a te  o f I r o n  and 
S u lp h u r ic  A cid , a r e  form ed, and t h i s  coming i n to  con­
t a c t  w i th  C a rb o n a te  o f Lime which i s  a l s o  p r e s e n t  i n  
c o a l ,  e v o lv e s  C arb o n ic  A c id , You may r e p r e s e n t  th e  
w ho le  p ro c e s s  by  th e  fo l lo w in g  e q u a t io n ,
4 F e  S2  +  15 O2  +  8 Ca COs'ss 8 COg -f 8 CaS0 4  4- 2FegOg 
The r e d  o x id e  o f i r o n  r e s u l t i n g  from  t h i s  r e a c t i o n  
can  b e  f r e q u e n t ly  se e n  on p ie c e s  o f  c o a l  w h ich  h ave  been  
exposed  f o r  some tim e to  a i r  and  m o is tu r e .  C r y s ta l s  o f  
S u lp h a te  o f  i r o n  w i l l  b e  fo u n d  on o th e r  p ie c e s  w here  
th e r e  i s  no C arb o n a te  o f  L im e, i n  th e  p o s i t i o n  p re v io u s ­
l y  o c c u p ie d  by I r o n  p y r i t e s ,  w h i le  th e  c o a l  i t s e l f  m i l  
b e  unchanged . The oxygen o f  th e  a i r  l e f t  i n  c o n ta c t  
w i th  c o a l  g r a d u a l ly  d is a p p e a r s ;  so t h a t  any p a r t  o f  th e
4»
4-
m ine , su ch  a s  o ld  w o rk in g s  and  sp a c e s  o f  e v e ry  k in d , 
w h ic h  h av e  b e e n  l e f t  u n v e n t i l a t e d  soon  become f i l l e d  
w i t h  b la c k -d a n p . S ho u ld  th e  b a ro m e te r  show a  f a l l  i n  
p r e s s u r e ,  th e  b lack -d am p  from  th e s e  sp a c e s  i s s u e s  o u t .  
The r e t u r n  a i r  o f c o a l  m ines a lw ays c o n ta in s  b lack -d am p  
a b o u t 2 fo b e in g  commonly p r e s e n t  i n  th e  a i r  o f  th e  up­
c a s t  s h a f t .  As th e  a i r  c u r r e n t  p a s s in g  th ro u g li a  co a l­
m ine i s  enormous, th e r e  i s  a  c o n s id e r a b le  am ount o f 
b lack -d am p  form ed i n  a  p i t ,  u s u a l ly  am ounting  to  o v e r 
2000 cu b ic  f e e t  p e r  m in u te  i n  a  l a r g e  p i t .
B lack-dam p i s  o r d i n a r i l y  r e c o g n is e d  by i t s  a c t io n  
i n  e x t in g u is h in g  a. c an d le  o r  lam p. The amount r e q u i r e d  
to  e x t in g u is h  a  t a l lo w  c a n d le  h a s  b e e n  c a r e f u l l y  d e te r ­
m ined  by D r , E a ldeneT  He fo und  t h a t  a  c a n d le  h e ld  v e r ­
t i c a l l y  w i l l  n o t  c o n tin u e  to  b u m  i f  more th a n  1 5 ,8  % 
o f  b lack -d am p  i s  p r e s e n t  ( c o rre sp o n d in g  to  an  oxygen 
p e rc e n ta g e  o f  1 7 ,6  fo) t h a t  1 7 ,7  f  o f  b lack -d am p  e x t in ­
g u ish e d  an o rd in a ry  s a f e ly  lam p, and t h a t  1 8 ,6  ^  ex­
t in g u is h e d  a  c a n d le  h e ld  h o r i z o n t a l l y .  The e x t i n c t i o n  
i s  due p r a c t i c a l l y  sp e a k in g  to  th e  r e d u c t io n  i n  tlie  oxy­
g e n  p e rc e n ta g e  o f  th e  a i r  and n o t  to  th e  p re s e n c e  o f
H y g ien e  o f  O c cu p a tio n s  e d i t e d  by P r o f  O l iv e r ,
5 .
C arb o n ic  A cid , ad tiiough  d i l u t i o n  o f  a i r  w i th  C arbon ic  A cid 
e x t in g u is h e s  a  l i g h t  somewhat so o n e r  th a n  d i l u t i o n  w i th  M -  
t r o g e n ,  A l i g h t  i v i l l  s t i l l  b u m  i n  a  m ix tu re  o f  75 ^ o f  
C arb o n ic  A cid  and 25 fo o f  Oxygen, The p re s e n c e  o f  b lack-daaip  
a f f e c t s  th e  l i g h t  g iv e n  by  a  c a n d le  some tim e  b e fo r e  th e  
p o in t  o f  e x t i n c t i o n  i s  r e a c h e d . The f la m e  becom es s m a l le r  
a n d  th e  r a t e  o f  co m bustion  i s  d im in is h e d . Angus S m ith  fo und  
t h a t  when a  c a n d le  was a llo w e d  to  b u m  i n  a i r  in c r e a s in g ly  
v i t i a t e d  by i t s  own com bustion  and by  r e s p i r a t i o n s , t h e  l i g h t  
d im in ish e d  to  22 f  o f  i t s  o r i g i n a l  v a lu e  when th e  oxygen p e r ­
c e n ta g e  f a l l s  to  1 8 ,5  ( c o rre sp o n d in g  to  8 ,9  f  o f  b lack -dam p) 
The e f f e c t s  o f  b lack -dam p  on men a r e  due p a r t l y  to  tlie  
C arbon ic  A cid  and p a .r t ly  to  th e  d im in i i^ e d  Oxygen p e rc e n ta g e  
accom panying th e  a d m ix tu re  o f  b lack -dam p  w i th  a i r .  I t  i s  
t h e r e f o r e  n e c e s s a ry  to  d e s c r ib e  th e  in f lu e n c e  o f  e x ce ss  o f  
C arbon ic  A c id  and o f  th e  d e f ic ie n c y  o f  Oxygen s e p a r a t e ly .
U n t i l  3 ^  o f  C arbon ic  A cid i s  added  to  a i r  no n o t ic e a b le  e f -
4“
f e e t  i s  p ro d u ced , th e n  th e  b r e a th in g  b e g in s  to  be  d i s t i n c t l y
4-
A ir  and r a i n  p ,167  E a ld an e  & L o r r a in  S m ith , J o u r n a l  cf
P a th o lo g y  V o l . i ,  p ,1 6 8 ,
6 ,
d e e p e r  and s l i g h t l y  m ore f r e q u e n t ,  even  a f t e r  a  lo n g  e x ­
p o su re  no o th e r  u n p le a s a n t  e f f e c t s  a r e  p ro d u ced  and th e  
h e a l t h  o f  a n im a ls  k e p t  i n  a i r  c o n ta in in g  Z f  o f  C arbonic 
A cid  i s  n o t  a f f e c t e d .  The b r e a th in g  becom es more and 
m ore a f f e c t e d  a s  th e  p e rc e n ta g e  o f  C arbon ic  A cid i n ­
c r e a s e s ,  u n t i l  a t  ab o u t 6 ox '7 f  t h e r e  i s  s e v e re  p a n t­
in g ,  th e  p u ls e  b e in g  a ls o  m ore f r e q u e n t  and v ig o ro u s ,a n d  
th e  s e n s a t io n  e x p e r ie n c e d  i s  s im ila r  to  t h a t  accompany­
in g  h a rd  m u sc u la r  w ork . A lo n g  s ta y  i n  a i r  o f  t h i s  com­
p o s i t i o n  i s  fo llo w e d  by  f r o n t a l  h ead ach e ; w i th  10 f  o f 
C a ib o n ic  A cid  th e  r e s p i r a t o r y  d i s t r e s s  i s  v e ry  g re a ,t , 
b u t  w i th  a  s t i l l  h ig h e r  p e rc e n ta g e  a  n a r c o t i c  e f f e c t  i s  
p ro d u ced , and th e  m ind becom es confused® A nim als some­
tim e s  d ie  from  lo n g  e x p o su re  to  a i r  c o n ta in in g  a b o u t 
25 f  o f  C arbon ic  A cid , b u t  even  50 f  may n o t  p rove  f a t a l  
f o r  some tim e* D im in u tio n  i n  th e  oxygen p e rc e n ta g e  o f  
a i r  c au se s  u s u a l ly  no n o t ic e a b le  e f f e c t  u n t i l  th e  p e r ­
c e n ta g e  f a l l s  to  ab o u t 12, when th e  r e s p i r a t i o n  becom es 
s l i g h t l y  d e e p e r  and th e  l i p s  become s l i g h t l y  b lu is h *  At 
8 f  th e  l i p s  and fa c e  become a  le a d e n -b lu e  c o lo u r , and 
u s u a l ly  th e  b r e a th in g  i s  d e e p e r  and m ore f r e q u e n t ,  b u t,
7 .
i n  some c a se s  no change i s  f e l t  by th e  p e rs o n  b r e a th in g  
th e  v i t i a t e d  a i r ,  a lth o u g h  to  a  b y s ta n d e r  h i s  f a c e  ap­
p e a r s  a la rm in g *  A t 5 o r  6 ^  th e r e  i s  c lo u d in g  o f th e  
se n se s  and lo s s  o f  pow er o v e r  th e  lim b s  end  a f t e r ,  com­
p l e t e  l o s s  o f  c o n sc io u s n e s s  w hich , ju d g in g  from  e x p e r i ­
m ents on a n im a ls , w ou ld  p ro b a b ly  soon  end i n  d e a th  e i t h ­
e r  from  g ra d u a l  f a i l u r e  o f  th e  r e s p i r a t o r y  c e n t r e ,  o r  
from  s to p p a g e  o f  th e  h e a r t .  These symptoms a re  th o s e  
o b se rv e d  %^en th e  b r e a th in g  o f  th e  v i t i a t e d  a i r  i s  n o t 
accom panied  by m u sc u la r  e x e r t io n ,  when any m u sc u la r  ex­
e r t i o n  i s  made, such  a s  c lim b in g  o r  even w a lk in g , th e  
p o in t  o f  d an g er i s  re a c h e d  much sooner* When th e r e  i s  
15 % o f  Oxygen, d iz z in e s s  on e x e r t io n ,  and s h o r tn e s s  o f  
b r e a t h  a re  o f t e n  f e l t ,  and f a i n t i n g  i s  v e ry  a p t  to  occur 
i f  t h e r e  i s  a  much f u r t h e r  f a l l  o f  Oxygen p e rc e n ta g e , a rd  
t h i s  i s  p ro b a b ly  th e  cause  o f  many a c c id e n ts  w here men 
axe  f a t a l l y  i n ju r e d  by  f a l l i n g  o f f  la d d e r s  i n  v i t i a t e d  
a i r .  When th e  p e rc e n ta g e  o f  oxygen f a l l s  below  8 o r  10, 
d e a th  may o c c u r  a s  a  r e s u l t  o f  m u sc u la r  e x e r t io n .  In  
th e  c a se  o f  a i r  w hich  i s  v i t i a t e d  sim p ly  by th e  d im in u ­
t i o n  o f  th e  p e rc e n ta g e  o f  oxygen p r e s e n t  t h e r e  i s  a  g r e a t
8 .
d e a l  o f  d a n g e r, b e c a u se  t h e r e  a r e  h a rd ly  any w arn in g  
symptoms b e f o r e  th e r e  i s  d a n g e r  to  l i f e ,  a id  i f  i t  was 
n o t  t h a t  a  l i g h t  i s  g e n e r a l ly  c a r r i e d  i n  such  a i r ,  ac­
c id e n ts  w ould  b e  much more f r e q u e n t ,  b u t  th e  e x t i n c t i o n  
o f  th e  l i g h t  w h ich  o c c u rs  i n  a i r  w i th  a b o u t 17 f> o f 
oxygen g iv e s  t im e ly  w arning*
I f  th e  c o m p o s itio n  o f  b lack -d am p  i s  n o t ic e d  th e  
e f f e c t s  p ro d u ce d  by  i t  a r e  se e n  to  b e  due, a t  l e a s t ,  i n  
m ost c a se s  b o th  to  th e  C arbon ic  A cid a s  w e l l  a s  to  th e  
d im in ish e d  amount o f  oxygen* When a  c a n d le  i s  j u s t  p u t  
o u t by  th e  amount o f  b lack -dam p  p r e s e n t ,  t h e r e  i s , a s  a  
r u l e  no n o t i c e a b le  e f f e c t ,  s in c e  i t  th e n  c o n ta in s  17 fo 
o f  oxygen and a b o u t 2 f  o f  C arbonic  A cid , b u t  when th e  
amount o f  b lack -dam p  p r e s e n t  i s  in c r e a s e d ,  p a n tin g  w i l l  
become m ore n o t ic e a b le ,  due to  th e  in c r e a s e d  C arbon ic  
Acid* Thus w i th  50 f  o f  b lack -d am p , th e r e  i s  u s u a d ly  
a b o u t 6 f  o f  C arbon ic  A cid and 10 f  o f  Oxygen, so th a ,t  
th e  p a n tin g  due to  C arbon ic  A cid  w i l l  t h e r e f o r e  be v e iy  
c o n s id e r a b le .  When th e  p e rc e n ta g e  o f b lack -dam p  i s  
g r e a t l y  in c r e a s e d ,  th e  symptoms from  w ant ' o f Oxygen w i l l  
show m ore and  m ore, so t h a t  l i f e  c an n o t be  su p p o r te d
9*
when th e r e  i s  7 5 t h a t  i s  5 X  o f Oxygen* D e a th  i s  
n o t  due to  th e  p o iso n o u s  a c t io n  o f  C arhordc A c id ,h u t  to  
th e  w an t o f Oxygen, i n  f a c t  th e  d a n g e r  i s  d im in ish e d  by 
th e  p re s e n c e  o f  C arbon ic  A cid  a,s i t s  p re s e n c e  p ro d u ce s  
p a n tin g  and so g iv e s  w a rh in g , and b e s id e s  more oxygen is  
s u p p l ie d  to  th e  lu n g s  on a c c o u n t o f  th e  p a n tin g  and thus 
th e  e f f e c t s  o f th e  d e f ic ie n c y  o f oxygen a r e  w arded  o f f  
f o r  a  tim e*
F ire -d a m p * T h is  g as  i s  Icioivn to  m in e rs  by  th e  f a c t  th a t  
i t  form s e x p lo s iv e  m ix tu re s  w i th  a i r ,  and  from  e x p e r i ­
m ents made i n  d i f f e r e n t  c o l l i e r i e s  i n  S o u th  W ales, i t  i s  
a lw ays p r a c t i c a l l y  p u re  M ethane (CB^) The m in e rs  de­
t e c t  i t s  p re s e n c e  by th e  p ro d u c t io n  when i t  i s  p r e s e n t  
o f  % p a le ,  n o n -lu m in o u s "cap" o v e r th e  o rd in a ry  flam e  
o f  a  lamp* I t  a p p e a rs  s i m i l a r  to  th e  n o n -lu m in o u s flaiioe 
o f  a  B unsen  b u r n e r  though  much p a l e r  u n le s s  th e  a i r  i s  
n e ^ l y  e x p lo s iv e .  To t e s t  f o r  i t  th e  f la m e  sh o u ld  be 
lo w ered  u n t i l  on ly  a  sm adl b lu e  flam e i s  l e f t ;  th e  p e r ­
c e n ta g e  o f  f ire -d a m p  p r e s e n t  can  be  n e a r ly  d e te rm in e d  
fro m  th e  s i z e ,  and d i s t i n c t n e s s  o f t h i s  " c a p " * W ith  
v e iy  c a r e f u l  o b s e r v a t io n s  a b o u t X % o f  f i re -d a m p  i n  th e
lO#
« i r  can  be d e te c t e d .  W ith  a  h y d ro g en  f la m e , as i n  th e  
Clowes lam p, i t  i s  p o s s ib l e  to  d e te c t  a s  l i t t l e  a s  
0 .8  % and as t h e  p e rc e n ta g e  amount o f  f ire -d a m p  i n ­
c r e a s e s ,  th e  "cap" becomes more d i s t i n c t  a rd  lo n g e r ,  
and  when th e  a i r  i s  v e ry  n e a r ly  e x p lo s iv e  i t  p a s s e s  
r i ^ t  up th e  ch im ney . A ir  c o n ta in in g  betw een  5 and 
13 ^  o f  fire -danqp  i s  e x p lo s iv e .
F ire -d am p  i s  c o n ta in e d  i n  c o a l  i n  a  h ig h  s t a t e  o f  
c o m p re ss io n . Some seams g iv e  o f f  more f ire -d a m p  th a n  
o t h e r s .  Those w h ich  g iv e  a l a r g e  amount a re  c a l l e d  
" f i e r y "  as f o r  e%an:ple, t h e  A lb io n  c o l l i e r y  a t  P o n ty ­
p r id d ,  w here an e x p lo s io n  o c c u r re d  i n  Ju n e  1894. Ac­
c o rd in g  as t h e  p a r t s  above tbo c o a l  a re  g a s - t i g h t ,  t h e  
amount o f  f ire -d a m p  i n  th e  c o a l in c r e a s e s  but i f  t h e r e  
i s  a  way i n  w h ich  i t  oem escap e  upw ards, i t  e sc a p e s  
from  th e  c o a l .  The f i r e - d a i r p  met w i th  i n  m ines i s  o f ­
t e n  m ixed w ith  a l a r g e  p r o p o r t io n  o f  b lack-dam p so  t h a t  
th e  f ire -d a m p  i s  n o t s u s p e c te d  to  be p r e s e n t  u n le s s  i t  
i s  c a r e f u l l y  lo o k ed  f o r ,  as t h e  lamp i s  p u t  ou t b e fo re  
a c le a r  "cap" i s  v i s i b l e ,  th o u g h  s t i l l  c a p a b le  o f  fo rm ing  
an  e x p lo s iv e  m ix tu re .  F ire -d am p  as su c h , h as  no a c t io n
^  on men, i t  a c t s  by d i l u t i n g  th e  oxygen o f  th e  a i r ,  so 
Clowes d e te c t io n  o f  In flam m able  gas 1096.
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t h a t  a s  lo n g  as t h e r e  i s  a  s u f f i c i e n c y  o f  oxygen p r e s ­
e n t ,  f ire -d a m p  i s  n e u t r a l  i n  i t s  e f f e c t s ,  f o r  exam ple, 
a n im a ls  may be k e p t fo r  lo n g  p e r io d s  in  a  m ix tu re  o f  
79 % o f  f ire -d a m p  and 21 % o f  Oxygen. So lo n g  as a  lamp 
b u m s  i n  a i r  c o n ta in in g  f i re -d a m p  no harm r e s u l t s  from  
b r e a th in g  th e  a i r ,  as f ire -d a m p  i s  l i j f ^ t e r  th a n  a i r ,  
a  man who h a s  been  a f f e c t e d  by i t  f a l l s  down and so 
g e ts  i n t o  b e t t e r  a i r ;  i f  i t  w ere  n o t f o r  t h i s  t h e r e  
w ould be more f r e q u e n t  c a s e s  o f  s u f f o c a t io n  from  f i r e ­
damp. Much c a u t io n  i s  r e q u i r e d  i n  g o in g  i n t o  a i r  con­
t a i n i n g  f ire -d a m p  e s p e c i a l l y  i n  a sc e n d in g  an i n c l i n e ,  
a s  th e  p e rc e n ta g e  o f  f i re -d a m p  i s  a p t  to  in c r e a s e  v e ry  
r a p i d l y  up an i n c l i n e ,  and b e fo re  he f a l l s  a  ma n may 
be i n  an  a tm osphere  o f  f ire -d a m p  w hich  does n o t even 
c o n ta in  on th e  f l o o r  o f  th e  i n c l i n e  enough Oxygen to  
su p p o rt l i f e .  T h is can  be av o id ed  by g o in g  s lo w ly  
and w ith  a  com panion a  few f e e t  b e h in d . Sometimes f i r e -  
d as^  i s  m ixed w i th  t r a c e s  o f  S u lp h u re t te d  Qy-drogen; 
t h i s  i s  e a s i l y  r e c o g n is e d  by i t s  sm e ll and i f  t h e r e  i s  
sm a rtin g  o f  th e  eyes and c a tc h in g  o f  th e  b r e a th ,  th e s e
• r e  s ig n s  o f  g r e a t  danger from  t h i s  g a s . I  have o f te n
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h e a rd  t h e  m in e rs  r e l a t e  in c id e n t s  o f  fellow -w orkm en 
p u t t i n g  t h e i r  h ead s  th ro u g h  a h o le  in  a f a l l  to  see  th e  
e f f e c t s  o f  th e  f a l l  and s e e in g  them  lo n g  i n  w ith d ra w in g  
t h e i r  h e a d s , h av e  been  o b l ig e d  to  p u l l  them  away by 
t h e i r  l e g s ,  j u s t  i n  t im e  t o  p re v e n t  t h e i r  b e in g  p o iso n e d  
by f i r e -d a m p . I f  th e  f i re -d a m p  c o n ta in s  l i t t l e  o r no 
a i r ,  lo s s  o f  c o n sc io u sn e ss  o c c u rs  su d d en ly  and w ith o u t 
p re v io u s  w a rn in g .
W hite-dam p and G o b -s tin k . By t h e s e  m in e rs  mean th e  
p o iso n o u s  gas g iv e n  o f f  from  c o a l  w h ich  h a s  h e a te d  by 
sp o n tan eo u s  i g n i t i o n .
"G o b -s tin k "  i s  so  c a l l e d  from  th e  f a c t  t h a t  th e  
h e a t in g  o c c u rs  in  t h e  w a s te  c o a l o f  a gob ( t h a t  i s  th e  
w a s te  c o a l  w h ich  has been  l e f t  a f t e r  a l l  th e  w o rk ab le  
c o a l  h a s  been  rem oved) T hese g a se s  have th e  same p ro p ­
e r t y  a s  a f te r -d a m p  and th e  p o iso n  i s  C arbon ic  O xide,, 
and  th e  o th e r  g a se s  e v o lv e d  w ould  be C arbon ic  A cid  and 
H ydrocarbons o f  th e  p a r a f f i n  s e r i e s ,  e s p e c i a l l y  th e  
l a t t e r ,  when i t  i s  th e  s h a le s  o f  th e  seam t h a t  have been  
h e a te d .
A fte r-d a m p : -  The gas w h ich  i s  l e f t  i n  a  m ine a f t e r  an 
e x p lo s io n  i s  known, to  m in e rs  by th e  name o f  a f t e r ­
damp and t h i s  i s  d rea d ed  by th e  m in e rs  on accoun t o f 
i t s  p o iso n o u s  p r o p e r t i e s .  The c o n s t i tu e n t  w hich  h as 
t h e  m ost d i l a t e r i o n s  a c t io n  i n  t h i s  i s  C arbon ic  O xide 
(CO) and  th is  C arbon ic  O xide i s  p r a c t i c a l l y  th e  cau se  
o f  a l l  th e  d e a th s  in  e x p lo s io n s ,  a t l e a s t  in  th e  
S o u th  W ales C o a l f i e ld ,  as  w i l l  be se e n  l a t e r  on when 
th e  ex arftina tion  o f  th e  d i f f e r e n t  b o d ie s  r e c o v e re d  is  
d e s c r ib e d .
C arb o n ic  Oxide o r C arbon Monoxide(CO) i s  a com­
pound o f one atom  o f  Carbon w ith  one atom  o f Oxygen, I t  
i s  found  a lo n g  w ith  C arbon ic  A cid  ( COg ) w h e rev e r comb­
u s t i o n  o c c u rs  in  th e  p re s e n c e  o f  an amount o f Oxygen 
i n s u f f i c i e n t  t o  consume th e  w ho le  o f  th e  C arbon and Hy­
d ro g en , w hich  a re  a c t u a l l y  u n d e rg o in g  co m b u stio n , w here 
s u f f i c i e n t  Oxygen i s  p r e s e n t  o n ly  C arbon D io x id e  i s  
fo m e d . I t  h a s  on ly  a  v e ry  s l i g h t  odour w hich i s  n o t 
p e r c e p t i b l e  when th e  g as i s  much d i l u t e d .  I t s  s p e c i f i c  
g r a v i ty  i s  n e a r ly  th e  same as t h a t  o f  a i r .  iThen in h a le d
i t  p ro d u c e s  synptcHns i d e n t i c a l  in  c h a r a c te r  w i th  th o s e
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p ro d u c e d  by w ant o f  Oxygen. The phenom ena o b se rv e d  
v a ry  c o n s id e r a b ly  how ever, a c c o rd in g  t o  th e  p e rc e n ta g e  
in h a le d ,  and th e  p e r io d  d u r in g  w h ich  th e  i n h a l a t i o n  
i s  c o n tin u e d . I t  d i f f e r s  from  o th e r  p o iso n o u s  g a se s  
i n  i t s  s p e c i a l l y  slow  and in s id io u s  a c t io n ,  and th e  
r e a s o n  i s  t h i s .  The n a t u r a l  p ro c e s s  i s  f o r  t h e  b lood  
to  ta k e  up th e  oxygen from  th e  a i r  i n  th e  lungs form ­
in g  a  lo o s e  ch em ica l co m b in a tio n  w ith  th e  haem og lob in  
o f  th e  c o rp u s c le s ,  and  so by  means of th e  c i r c u l a t i o n  
i t  i s  c a r r i e d  to  th e  t i s s u e s  w here i t  i s  u se d  u p , but 
haem og lob in  has a g r e a t e r  a f f i n i t y  f o r  C arbonic  Oxide 
and form s w i th  i t  a  much more s t a b le  compound, and i t  
h a s  been  shown by C laude Bern.ard t h a t  haem o(?lobin w hich 
i s  s a t u r a t e d  w i th  C arbon ic  Oxide canno t t a k e  up Oxygen 
so t h a t  i n  a l i v i n g  an im al whose b lo o d  h a s  b een  s a t u r a t ­
ed  w i th  C arbon ic  O xide, th e  haem og lob in  canno t convey 
th e  oxygen from  th e  lu n g s t o  th e  t i s s u e s  and d e a th  th e re*  
f o r e  must o c cu r from  want o f  oxygen. C arb o n ic  Oxide
h a s  no o th e r  e f f e c t  th a n  th a t  cau sed  by in te r f e r e n c e
Hr
w ith  th e  oxygen su p p ly  to  tlie  t i s s u e s .  A p art from  i t s
H aldane i n  J o u rn a l  o f  P h y s io lo g y  V o l .x v i i i  (1895) p p .200. 
430 , 468 , '
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p r o p e r ty  o f  com bin ing  w i th  th e  h a em o g lo b in , i t  i s  a 
p h y s io lo g ic a l ly  i n d i f f e r e n t  g a s ,  l i k e  n i t r o g e n ;  and 
i t  h a s  no a c t io n  on low er a n im a ls  w hich  do n o t p o s s e s s  
haem o g lo b in . T h is  can e a s i l y  be d e m o n s tra te d  by p u t t ­
in g  a co ck ro ac h  in to  a  j a r  c o n ta in in g  20 volum es o f  
Oxygen and 80 o f  C arbon ic  O xide, and p u t t i n g  a n o th e r  
c o ck ro ach  i n  a j a r  c o n ta in in g  20 volum es o f  Oxygen 
and 80 Of C arbon ic  A c id . I n  th e  C arbon ic  Oxide m ix­
t u r e  t h e  an im al i s  n o t s e n s ib ly  a f f e c t e d  even  a f t e r  a 
w eek. In  th e  C arb o n ic  A c id  m ix tu re  on th e  o th e r  h an d , 
th e  co ck ro ac ii a lm o st i n s t a n t l y  e x h ib i t s  c o n v u ls iv e  move­
m e n ts , and becomes q u i te  m o tio n le s s  a t  th e  end  o f  from  
20 t o  30 se c o n d s . I t  a p p e a rs  t o  be d ead , bu t n e v e r th e ­
l e s s  r e c o v e rs  a f t e r  a tim e  i f  ta k e n  out b e fo re  to o  lo n g . 
T h is ex p erim en t shows c l e a r l y  th e  c o n t r a s t  betw een an 
f f e r e n t  g a s .  C arbonic  O x id e ,an d  t h e  p o iso n o u s g a s . 
C arbon ic  A c id . The symptoms p ro d u ced  by C arbon ic  Oxide 
a r e  p r a c t i c a l l y  th e  same as th o s e  due  to  d e f ic ie n c y  o f  
Oxygen in  th e  a i r  b r e a th e d .  No n o t ic e a b le  symptoms a re  
p ro d u ce d  u n t i l  t h e  haem oglob in  i s  about a  t h i r d  s a tu r a -
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t e d  w i th  C arb o n ic  Oxide and d e a th  does n o t  ■usually o ccu r 
u n t i l  abou t 70 o r  80 ^  s a t u r a t i o n  h a s  been  r e a c h e d .
I t  m ight be supposed  t h a t  th e  p re s e n c e  o f any p r o ­
p o r t i o n  how ever s m a ll ,  o f  C arb o n ic  O xide i n  a i r  m ight 
u l t i m a t e l y  p ro v e  f a t a l  from  g ra d u a l  a b s o rp t io n  o f  t î »  
gas by t h e  b lo o d . A c tu a l ly  how ever, t h e r e  i s  a maximum 
l i m i t  to  a b s o r p t io n  w ith  an.y g iv e n  p e rc e n ta g e  o f  C arbon­
ic  Oxide i n  a i r ;  f o r  a lth o u g h  th e  a f f i n i t y  o f  haem oglo- 
b in  f o r  C arbon ic  Oxide i s  much g r e a t e r  th a n  f o r  Oxygen, 
y e t ,  i f  b o th  g a se s  a re  p r e s e n t ,  th e  haem og lob in  i s  sh a re d  
betw een  them  in  p r o p o r t io n  not o n ly  to  th e  r e l a t i v e  
S tre n g th s  o f  t h e i r  a f f i n i t i  es f o r  haem og lob in  bu t a ls o  
to  th e  r e l a t i v e  p e rc e n ta g e s  p r e s e n t  o f  th e  two g a se s  
s in c e  a lth o u g h  th e  a f f i n i t y  o f  C arbon ic  Oxide f o r  haemo­
g lo b in  i s  so much g r e a t e r  th a n  t h a t  o f Oxygen, y e t ,  i f  
th e  p e rc e n ta g e  o f  C arbon ic  Oxide i s  v e ry  m in u te  a s  com­
p a re d  w ith  th e  p e rc e n ta g e  o f  Oxygen, o n ly  a l i t t l e  o f  
th e  haem oglob in  w i l l  com bine w ith  t h e  C arbon ic  Oxide 
and c o n se q u e n tly  no symptoms o f  p o is o n in g  w i l l  be p ro d u c ­
e d , however lo n g  th e  ex p o su re  may b e . Thus w i th  l e s s  
th a n  about .08 % o f  C arbon ic  Oxide i n  th e  a i r ,  th e  b lo o d
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w i l l  n e v e r  a b so rb  enough o f  th e  gas to  p ro d u ce  d i s ­
t i n c t  sym ptom s, and w ith  l e s s  th a n  .2  % l i f e  w i l l  h a rd ­
l y  be e n d an g e re d  a lth o u g h  v e ry  s e v e re  symptoms may be pro- 
due ed .
In  r e c o v e ry  from  C arb o n ic  Oxide p o is o n in g ,  t h e  
gas i s  d r iv e n  o u t from  t h e  b lo o d  th ro u g h  t l »  lu n g s ,  i n  
co nsequence  o f  t h e  g r e a t l y  in c r e a s e d  in f lu e n c e  o f th e  
Oxygen o f  th e  a i r ,  and in  th e  c o u rse  o f s e v e r a l  h o u rs  
t h e  b lo o d  w i l l  be a g a in  p r a c t i c a l l y  f r e e  from  C arb o n ic  
O xide. An h o u r o f b r e a th in g  f r e s h  a i r  w i l l  u s u a l ly  
s u f f i c e  t o  rem ove any dangerous e x c e ss  o f  C arbon ic  O xide, 
bu t i f ,  as i t  o f te n  happens i n  p e rs o n s  who h av e  been 
re n d e re d  u n c o n sc io u s , t h e  b r e a th in g  i s  sh a llo w , a much 
lo n g e r  tim e  may be needed  u n le s s  a r t i f i c i a l  r e s p i r a t i o n  
h a s  been  em ployed. C a rb o n ic  Oxide i s  n o t o x id is e d  w ith ­
in  t h e  body so th a t  t h e  o n ly  way in  w hich  i t  can be go t 
r i d  o f ,  i s  th ro u g h  t h e  lu n g s . The b lo o d  from  w M ch th e  
C arbon ic  Oxide h as  been e x p e l le d  i s  i n  no way in ju r e d .
The e x p u ls io n  o f  C arb o n ic  Oxide d u rin g  re c o v e ry  from  p o i ­
so n in g  can be g r e a t ly  h a s te n e d  by th e  i n h a l a t i o n  o f  p u re
* The supposed  o x id a t io n  o f  C arbon ic  O xide i n  t h e  l i v i n g  
body .By D r.H ald an e  in  J o u rn a l  o f  P h y s io lo g y  V o l.x x v ,N o .3
1 8 . F e b .1900.
Oxygen, s in c e  i t s  in f lu e n c e  i n  d r iv in g  ou t C arbon ic  
from  th e  b lo o d  i s  abou t f iv e  t im e s  a s  g r e a t  as 
t h a t  o f  a i r ,  w h ich  o n ly  c o n ta in s  20 .9  % o f  Oxygen.
T here  a re  two f a c t s  w h ich  e x p la in  th e  p e c u l i a r l y  
in s id io u s  a c t io n  o f  C arboni c O xide.
(1 )  C arbon ic  Oxide h as  a v e ry  s t r o n g  a f f i n i t y  f o r  
haoTLOglobin so  th a t  when i t  i s  p r e s e n t  i n  a i r  o n ly  in  a 
v e ry  sm all p e rc e n ta g e  a b s o r p t io n  by th e  b lo o d  may go
on s t e a d i l y ,  th o u g h  s lo w ly  u n t i l  i n  th e  en d  th e  haemo­
g l o b i n 's  power o f  c a r r y in g  th e  Oxygen i s  red u c ed  to  a  
dangerous e x te n t .
(2 )  The symptoms p ro d u ce d  by d e f ic ie n c y  in  t h e  Ox- 
ygen su p p ly  to  th e  t i s s u e s  a re  v a ry  s l i g h t  up to  th e  
p o in t  a t  w h ich  th e r e  i s  l o s s  o f  pow er o v er th e  l im b s . 
¥hen  th e  lim bs c o m p le te ly  f a i l ,  i t  i s  im p o s s ib le  f o r  a 
man to  g e t  ou t o f  th e  p o iso n o u s  a tm o sp h e re . C arbon ic  
Oxide has 250 tim e s  as g r e a t  an a f f i n i t y  f o r  haem og lob in  
as Oxygon, t h a t  i s ,  i f  a i r  c o n ta in in g  0 .1  % o f  C arbon ic  
Oxide i s  b re a th e d , th e  haem oglob in  o f  th e  b lo o d  w i l l  
become f i n a l l y  about e q u a l ly  s a t u r a t e d  w ith  C arbon ic  Ox­
id e  and Oxygen. I f  t h i s  b lo o d  was now b ro u g h t i n to
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v o n t  a c t  w i th  a  s te a d y  c u r r e n t  o f  p u re  a i r ,  th e  C arh cn ic  
O xide w ould i n  tim e  he  d r iv e n  o u t .  So t h a t  w i th  l e s s  
th a n  0 .1  fo  o f  th e  gas i n  th e  a i r ,  th e  h lo o d  becom es 
s a t u r a t e d  n o t  m ore th a n  50 fo\ so t h a t  com p le te  h e lp ­
le s s n e s s  does n o t  o c c u r  even  a f t e r  a  lo n g  exposure*
W ith  0 .2  fo t h a t  i s  a b o u t 67 f  s a t u r a t i o n ,  com p lete  h e lp ­
l e s s n e s s  w i th  l o s s  o f c o n sc io u s n e ss  w ould  o c c u r  and th is  
p e rc e n ta g e  w ould m ost l i k e l y  cause  d e a th  f i n a l l y .
I t  i s  u s e f u l  to  have  an  id e a  o f  th e  tim e  r e q u i r e d  
f o r  dangerous symptoms to  d e v e lo p  i n  a tm o sp h e res  con­
t a i n i n g  C a rb o n ic  O x ide , as i t  i s  som etim es n e c e s s a ry  to  
e n t e r  i n to  su ch  a tm o sp h eres f o r  r e s c u e  o r  o th e r  p u r­
p o s e s .  The tim e  r e q u i r e d  may be ro u g h ly  c a lc u la t e d  
a s  f o l lo w s .  The b lo o d  o f a man w i l l  ta k e  up ab o u t two 
p i n t s  o f  C arb o n ic  O x ide , o r  O xygen. H ence ab o u t 1 p i n t  
o f  C a rb o n ic  O xide m ust b e  a b so rb e d  to  p ro d u ce  h a l f  s a t ­
u r a t i o n  o f  th e  b lo o d . How a, man a t  r e s t  b r e a th e s  ab o u t 
10 o r  12 p in t s  o f a i r  p e r  m in u te  and ex p erim en t shows 
t h a t  o f  th e  C arbon ic  O xide in h a le d  a b o u t 60 f  i s  sb so rb -
J o u r n a l  o f  P h y s io lo g y  V o l .x v i i i  p . 430 &c,
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e d . Suppose, th e r e fo r e , th a t  th e  a>ir co n ta in ed  0 .  1 X  
o f  Carbonic O xide, he w ould absorb about 7/lOOOths o f  
a p in t  per m in u te . I t  w ould thus talce him about 
hou rs to  absorb a whole p in t .  A man who i s  w alld n g  
how ever b r e a th es  about 3 tim es as much a ir  a s  a man a t  
r e s t .  Hence he m ight absorb a, p in t  in  an hou r. ¥ i t h  
0 .2  X the tim e would be h a l f  as lo n g  and w ith  0.3 fo a. 
t h ir d  a s lo n g . For a man who had a l r e a ^  been  in  the  
p o ison ou s a.tmosphere and whose b lo o d  had n o t recovered , 
th e  in t e r v a l  o f  s a f e t y  would be l e s s  than in  th e  case  of 
a p e r f e c t ly  f r e s h  man. Hence in  any case  where i t  i s  
n e c e ssa r y  to  work in  an atmosphere su sp ec ted  to  co n ta in  
Carbonic A cid , men sh ou ld  as fa r  as p o s s ib le  be kept 
i n  r e se r v e  in  f r e s l i  a i r .  I t  was by ad op tin g  t h i s  pre­
c a u tio n  th a t the l i v e s  o f  the Manager and h is  f e l lo w  
r e sc v ^ e r s  were n o t l o s t  a t  th e  T ylorstow n e x p lo s io n . Had 
th e  whole -p art 3̂  advanced to g e th e r  none m ight have escap ­
e d . I t  h as p r a c t ic a l ly  no sm e ll or i r r i t a t i n g  proper­
t i e s ,  by which i t s  presen ce  m ight be e a s i l y  r e c o g n ise d  
and i t s  a c t io n  i s  p e c u lia r ly  slow  and in s id io u s .  The 
f i r s t  sympton o f  Carboniô Oxide p o iso n in g  i s  u s u a lly
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d i z z in e s s ,  and s h o r tn e s s  o f  b r e a th ,  and  p a l p i t a t i o n ,  
fo l lo w in g  any u n u su a l e x e r t io n ,  su c h  a s  l i f t i n g  a  heavy  
w e ig h t, ru n n in g  o r  clim bing®  Som etim es t h e r e  i s  d row si- 
n e s  and  a ls o  u n u s u a l  e x c ite m e n t, s i m i l a r  to  t h a t  p ro d ­
u c e d  by a lcohol®  As th e  s a t u r a t i o n  o f  th e  b lo o d  i n ­
c re a s e s  th e  symptoms become more m arked u n t i l  th e  lim b s 
a r e  so weak t h a t  any e f f o r t  to  wa.lk cau se s  them  to  g iv e  
way e n t i r e l y .  Some o f th e s e  symptoms w ere  p ro d u ced  i n  
r e s c u e r s  a t  TylorstoTTn* The g e n e r a l  m anager who was 
th e  f i r s t  to  go down th e  p i t  a f t e r  th e  e x p lo s io n  a.ccom- 
p a n ie d  by  a  f ire m a n , to  e x p lo re  th e  p i t  i n  s e a rc h  o f  
men s t i l l  l i v i n g  t o l d  me t h a t  a f t e r  g e t t i n g  some d i s t ­
ance  a lo n g  one o f th e  m ain  ro a d s , he  b eg an  to  f e e l  weak 
and  was u n a b le  to  w a lk  s t e a d i l y .  He a ls o  f e l t  drow sy, 
had  f r e q u e n t ly  to  s to p  and s i t  down and h ad  much d i f f i ­
c u l ty  i n  c lim b in g  o v e r  th e  f a l l s .  H is  lamp was n o t  
e x t in g u is h e d  by th e  a f te r -d a m p . The m anager o f one o f  
th e  o th e r  p i t s  who had  gone down w ith  a  p a r ty ,  e x p e r ie n ­
ced s t i l l  more s e r io u s  symptoms. The m anager and a n o th ­
e r  man who w ere le a d in g  t h i s  p a r ty  w ere  r e n d e re d  uncon­
s c io u s  f o r  a  s h o r t  tim e , and Were th em se lv e s  re s c u e d  
w i th  d i f f i c u l t j r *  They had  p e n e t r a te d  n e a r ly  a s  f a r  a s
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th e  p la c e ,  w here , a f te r w a r d s ,  a  num ber o f  men. w ere  
fo und  dead  w i th  t h e i r  lam ps b u jn in g .  F e e l in g  a f f e c t e d ,  
th e y  w en t b a c k  i n to  th e  f r e s h  a i r  b e h in d  th e  do o rs  
s e p a r a t in g  th e  two p i t s ,  and a f t e r  a  s h o r t  tim e  made 
a n o th e r  a tte m p t to  p e n e t r a t e  a lo n g  a  ro a d  le a d in g  to ­
w ards th e  s h a f t .  A f te r  walldLng some d i s ta n c e  th e y  b e ­
g an  to  f e e l  w eak and endeavou red  to  r e t u r n  to  th e  doors, 
b u t  b e fo re  th e y  re a c h e d  them, f i r s t  one and th e n  a n o th ­
e r  o f  th e  p a r ty ,  d ropped  and became u n c o n s c io u s . F o r t ­
u n a te ly  th e  p r e c a u t io n  had  b een  ta k e n  o f  le a v in g  s e v e ra l  
men b e h in d  i n  th e  f r e s h  a i r ,  and th e y  a t  once came to  
th e  r e s c u e  and su cceed ed  th ough  w i th  g r e a t  d i f f i c u l t ^ r  
i n  d ra g g in g  th e  d is a b le d  men o u t .  The m anager t o l d  me 
th& t even  %#ien th e  a i r  was m ost p o iso n o u s , h i s  lamp 
b u r n t  p e r f e c t l y  end he was une"'o r  th e  im p re s s io n  j u s t  
b e fo r e  he f e l l  t h a f  he  was g e t t i n g  i n to  f r e s h e r  a i r .  Cfei 
g e t t i n g  i n to  th e  a f te r -d a m p  he  had  f e l t  sm a rtin g  o f  th e  
e y es , b u t  th e  f i r s t  d e f i n i t e  symptom was lo s s  o f  power 
o v e r  th e  l e g s .  He and h i s  com panions w ere  b ro u g h t b a c k  
to  th e  s h a f t  ly in g  u n c o n sc io u s  on t r u c k s .  On re c o v e r in g  
c o n sc io u s n e s s , th o s e  a f f e c te d  h'f.d s e v e re  h ead ad h e , and
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n a u s e a  o r  v o m itin g , acccm pa;iied  "by s h iv e r in g .  The o n ly  
g a s , ■which c o u ld  have  caused  su ch  symptoms as d e s c r ib e d  
above, i s  C arbon ic  O3d .d e . The same symptoms a r e  p ro ­
duced  by  g r e a t  d e f ic ie n c y  o f  Oxygen i n  th e  a i r ,  b u t  
fro m  th e  f a c t  t h a t  th e  lam ps s t i l l  b u rn ed  f a i r l y  w e ll ,  
t h e r e  m ust h av e  b e en  a t  l e a s t  18 ^  o f  Oxygen i n  th e  a i r  
and  w i th  t h a t  p e rc e n ta g e  th e r e  c o u ld  b e  no symptoms due 
to  d e f ic ie n c y  o f  Oxygen. The symptoms cau sed  by  ex cess  
o f  C arbon ic  A cid  g a s  a re  q u i t e  d i f f e r e n t  i n  c h a r a c te r ,  
a s  a l s o  a r e  th o s e  cau sed  by S u lp h u ro u s  A cid , S u ljh u r re - t t-  
ed  h y d ro g en  o r  any o th e r  gas w h ich  m ig h t p o s s ib ly  be  
p r e s e n t .  The o n ly  symptom n o t  due to  C arbon ic  O xide i s  
th e  sm a r tin g  o f  th e  eyes and s l i g h t  i r r i t a t i o n  o f  th e  
a i r  p a s s a g e s .  T hese symptoms as  shown f u r t h e r  on w ere  
p ro b a b ly  due to  th e  p re s e n c e  o f a  v e iy  sm a ll amount o f  
S u lp h u ro u s  A c id . Men who have  b e e n  u n c o n sc io u s  f o r  some 
tim e  from  C arb o n ic  0 :d .de p o iso n in g , b u t  h av e  b e en  r e s ­
cued, may s u f f e r  f o r  many days o r  even  w eeks from  a f t e r  
symptoms o f  a  s e r io u s  c h a r a c t e r .  Two men who w ere  salved 
a t  ly io r s to w n  com plained  o f  h ead ach e  f o r  some w eeks sub­
s e q u e n t ly  th o u g h  b o th  in fo rm ed  me t h a t  th e y  n e v e r  p rac b -
2 4 .
i  c a l l y  h a d  a  h ead ach e  b e fo r e  th e  e x p lo s io n .  A man 'vùio has 
b e e n  o n ly  p a r t i a l l y  d i s a b le d  by C arb o n ic  O xide o r who h a s  
b e e n  o n ly  u n c o n sc io u s  f o r  a  s h o r t  tim e  w i l l  u s u a l l ^ r  
r e c o v e r  c o m p le te ly  i n  a  few  h o u rs , b u t  re c o v e ry  i s  
accom pan ied  by  v e ry  s e v e re  h ead ach e  a n d  o f t e n  by  n a u se a  
an d  v o m itin g , w h ich  a re  more s e v e re  a c c o rd in g  to  th e  
l e n g t h  o f  th e  e x p o su re .
rfrD r H a ld an é , i n  e x p e r im e n ts  made on h im s e l f , fo u n d  
t h a t  an  e x p o su re  o f  s e v e r a l  h o u rs  to  as l i t t l e  a s  .07 ^  of 
C a rb o n ic  O xide w i l l  cau se  n o t  m ere ly  d iz z in e s s  and  s h o r t ­
n e s s  o f  b r e a th  on e x e r t io n  a t  th e  t im e ,b u t  a. headaxhe 
a f te r w a r d s  l a s t i n g  f o r  a b o u t 12 h o u rs , a ls o  he c a l c u l a t e d  
t h a t  a b o u t 6 h o u rs  a re  r e q u i r e d  f o r  th e  C arbon ic  O xide to  
d is a p p e a r  e n t i r e l y  from  th e  b lo o d  i n  se v e re  c a se s  o f  
p o is o n in g .  I n  th e  c a se  o f  one o f  th e  men r e s c u e d  a,t l y io r -  
^ 8 town,we exam ined th e  b lo o d  a b o u t 24 h o u rs  a f t e r  h i s  
rem o v a l from  th e  p i t  w h i l s t  s t i l l  a b s o lu te ly  h e lp le s s  and 
a lm o s t  u n c o n sc io u s . ITo C arbon ic  Oxide c o u ld  be d e te c te d  
m t h  th e  s p e c tro s c o p e . He was fo u n d  s t i l l  a l i v e  b e s id e  tlæ  
b o d ie s  o f  f o u r  o th e r  men who h a d  d ie d  o f  C arbon ic  O xide 
p o is o n in g .  The m is t  alee iTiay be made o f  a t t r i b u t i n g
' 'J o u r n a l  o f  P liy s io lo g y  V o l .  x v i i  ITos. 5.&.G. 1895.
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w iiat a r e  r e a l l y  th e  a f t e r  e f f e c t s  to  th e  c o n tin u e d  p re s ­
en ce  o f  C axhonic O xide  i n  th e  b lo o d . "Whenthe c a se s  a re  
more s e v e re ,  re c o v e ry  i s  v e iy  slow  and u n c e r t a in  and i s  
accom panied  by symptoms show ing s e r io u s  damage to  th e  
n e rv o u s  sy stem  s u s ta in e d  d u r in g  th e  d e p r iv a t io n  o f  Oxy­
g en  and i n  one o f  th e  men re c o v e re d  a t  n y lo rs to w n  ab o u t 
12 h o u rs  from  th e  tim e  o f  th e  e x p lo s io n  a f t e r  b e in g  
i n  th e  p i t  a l l  d ay , th e  b r e a th in g  was sh a llo w  and i r r e ^ ^  
u l a r  and he  was u n c o n sc io u s  f o r  two d ay s; th e  p u ls e  was 
a lm o s t im p e r c e p t ib le .  He had in c r e a s e d  r e f l e x  e x c i ta r  
b i l i t y  o f  th e  t r u n k  and lim bs end th e  l e a s t  a tte m p t to  
move th e  arms o r  le g s  gave r i s e  to  v i o l e n t  c o n t r a c t io n  
o f  th e  m u sc le s , so t h a t  i t  was a lra o s t im p o s s ib le  to  c a r ­
r y  on a r t i f i c i a l  r e s p i r a t i o n ;  b u t  th e s e  symptoms a re  n o t 
p e c u l i a r  to  C arb o n ic  O xide p o is o n in g  a s  th e  same symp­
toms shPw th em se lv e s  i n  p o iso n in g  by  S u lp h u r e t te d  Hydro­
g en  and o th e r  g a s e s .
I t  i s  o f  g r e a t  p r a c t i c a l  im p o rtan c e  t h a t  th e  p r e ^  
e n ce  o f  C arbon ic  O xide i n  th e  a i r  o f  m ines sh o u ld  b e  
c a p a b le  o f  b e in g  r e c o g n is e d , a s ,  u n d o u b te d ly , many l iv e s  
have  b een  l o s t  on a cc o u n t o f  th e  f a c t  t h a t  m in e rs  have
2 6 .
t r u s t e d  to  t h e i r  lam ps ( a s  th e y  do i n  o th e r  g a s e s )  to  
i n d i c a t e  th e  p re s e n c e  o f  C a rb o n ic  O x id e , b u t  w i th  r e ­
g a rd  to  t h i s  g a s , th e  lam ps w h ich  th e y  u se  g iv e  no 
d i r e c t  i n d i c a t i o n  o f  th e  p re s e n c e  o f  Ca,rbonic O x id e . I t  
shows a  "cap" on an  o rd in a ry  flam e  i f  p r e s e n t  i n  a  h ig h ­
e r  p r o p o r t io n  th a n  1 % l i k e  o th e r  e x p lo s iv e  g a s e s ,  b u t  
i n  a f te r -d a m p  i t  o c c u rs  i n  co m b in a tio n  w ith  such  an  ex­
c e ss  o f  h i t r o g e n ,  t h a t  th e  lamp i s  e x t in g u is h e d  b e fo r e  
i t  can  shovr a  " c a p " . When more th a n  16 fo o f  a f te r -d a m p  
o r  a b o u t 0 .5  % o f  C arbon ic  O xide i s  p r e s e n t ,  i t  e x t in g ­
u is h e s  a  lam p; so t h a t  t h i s  w i l l  p r e v e n t  a  man g o in g  
i n to  an  a tm o sp h ere  w hich  i s  r a p id ly  p o iso n o u s  from  Ca.r- 
b o n ic  O x id e , b u t  a b e t t e r  t e s t  th a n  t h i s  i s  r e q u i r e d .
C arbon ic  O xide i s  u s u a l ly  a s c e r t a in e d  by re d u c in g  
th e  b lo o d  and th e n  exaiidn ing  i t  by th e  s p e c tro s c o p e  i n  
th e  fo l lo w in g  w ay. The b lo o d  i s  d i l u t e d  w i th  w a te r  i n  
a  t e s t - t u b e  u n t i l  th e  two a b s o r p t io n  bands ( o f  Oxy- o r  
C arboxy-haem oglobin) a re  m ost c l e a r l y  v i s i b l e .  A d rop  
o r  two o f  Ammonium S u lp h id e  a re  now added and th e  s o l ­
u t i o n  s l i g h t l y  warmed. I f  th e  two bands a re  n o t  now r e ­
p la c e d  i n  th e  u su a l way by th e  s i n g l e  band  o f  red u ced
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h aem o g lo b in , C arb o n ic  O xide i s  p r e s e n t .  T h is  t e s t  i s  
n o t  a  ve:ry d e l i c a t e  one f o r  two r e a s o n s ,
(1) The t\7o bands o f C arboxy-haem og lob in  a lth o u g h  th e y  
occupy n e a r ly  th e  same p o s i t i o n  a s  th o s e  o f  Oxy-haem o- 
g lo b in  a re  n o t  n e a r l jr  so w e l l  d e f in e d .
(2 ) Tlie bonds a re  i.;i such  a. p o s i t i o n  t h a t  th e  lum inous 
sp a ce  b e tw een  them  becom es f i l l e d  by  th e  s in g l e  a b so rp ­
t i o n  band  o f  re d u c e d  ho.em oglobin when th e  l a t t e r  i s  
p r e s e n t ,  so t h a t  when th e  b lo o d  i s  l e s s  th a n  a b o u t 40 % 
s a t u r a t e d  w i th  C arb o n ic  O xide , th e  t e s t  becom es u s e le s s  
s in c e  th e  d o u b le  bands a re  no lo n g e r  even d im ly  v i s i b l e  
i n  th e  re d u c e d  b lo o d . B u t th e r e  i s  a  more d i r e c t  and 
m ore d e l i c a t e  m ethod o f  t e s t i n g  i t s  p re s e n c e , nam ely, 
by s im p ly  o b se rv in g  th e  c o lo u r  o f th e  d i l u t e d  b lo o d . 
U n d ilu te d  b lo o d  ivhen s a tu r a te d  w ith  Carbonic O xide and 
exam ined i n  b u lk  can n o t be  d i s t in g u i s h e d  by i t s  c o lo u r  
a lo n e , from  b lo o d  s a tu r a te d  w i th  a i r ,  a f t e r  d i l u t i n g  
i t  s u f f i c i e n t l y ,  how ever, t h e r e  i s  a  s * t r ik i ig  d i f f e r e n c e  
The norm al b lo o d  g iv e s  a  y e llo w , and th e  Canbonic O xide 
b lo o d  a  p in k  c o lo u r .  B u t D r, H a ld an e  h as  made u se  o f  
t h i s  d i f f e r e n c e  i n  t i n t  to  d e te rïf iin e  th e  r e l a t i v e  s a tu r -
The c o lo u re d  s t r i p s  a re  a r e p r e s e n ta t i o n  o f  th e  t i n t s  
a c t u a l l y  o b se rv e d .
A i s  a s o l u t io n  o f  norm al b lo o d ; B o f  b lo o d  from  
body o f  No. 12; C o f norm al b lo o d  s a t u r a t e d  w ith  C ar­
bon ic  O x ide .
I
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To be lo o k ed  a t  by d a y l ig h t
a t  io n s  o f  th e  haem og lob in  w i th  C a rb o n ic  Oxide i n  d i f ­
f e r e n t  specim ens o f  b lo o d , by d e te rm in in g  th e  r e l a t i v e  
amount o f  t h e i r  d i f f e r e n c e s  in  t i n t  from  th e  t i n t  o f  
norm al b lo o d .
D r. H aldane d e s c r ib e s  th e  p ro c e s s  i n  a p a p e r  i c r i t -  
t e n  on "The A c tio n  o f  C arbon ic  O xide on Man. " as f o l l ­
ows
"By m ix ing  d i l u t e  carm ine  s o l u t io n  w i th  d i l u t e  Oxy- 
haem og lob in  s o lu t io n  i t  i s  p o s s ib l e  to  re p ro d u c e  e x a c t ly  
th e  t i n t  o f  d i l u t e  C arboxy-haem og lob in . Hence c a r ­
m ine s o lu t io n  may be em ployed f o r  e s t im a t in g  th e  
p e rc e n ta g e  s a t u r a t i o n  o f  b lood  w ith  C arbon ic  Oxide 
I f  b lo o d  be d i lu t e d  a hund red  tim e s  and a p o r t io n  
o f  th e  s o lu t io n  be s a tu r a t e d  w i th  C arbon ic  O xide, 
i t  r e q u i r e s  somewhat more th a n  an e q u a l volum e o f  
carm ine  s o lu t io n  o f  abou t .0 1  % s t r e n g th  to  b r in g  
th e  u n s a tu r a tè d  p o r t io n  to  th e  same t i n t  and i n t e n ­
s i t y  o f  c o lo u r  a s  th e  s a tu r a t e d  p o r t i o n .  The ex ­
a c t  r e l a t i o n  o f  th e  carm ine  s o lu t io n  to  th e  b lo o d  
s o lu t io n  r e q u i r e s  o f  c o u rse  t o  be  d e te rm in e d  by
ffr' J o u rn a l  o f  P h y s io lo g y  V o l. x v i i i .
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t r i a l  and  i f  n e c e s s a ry  a d ju s te d .
In  ajgplying t h i s  m ethod to  human b lo o d , I  em­
p lo y e d  narrow  t e s t - t u b e s  s i m i l a r  to  th o s e  o f  G ow er's 
h a e m o g lo b in o re te r  and each  h o ld in g  abou t 5 o r 6 c . c .  
They w ere made from  a p ie c e  o f  g la s s  tu b in g  o f  even  
b o re  and o f ab o u t 3 /1 6 th s  in c h  i n t e r n a l  d ia m e te r ,
2 .0  c . c .  o f  w a te r  h a v in g  been m easured  from  a n a rro w  
b u re t  to  in to  one o f  th e  t u b e s , . 02 c . c .  o f  b lo o d  
o b ta in e d  by p r ic k in g  th e  f i n g e r ,  was m easu red  o f f  
i n  th e  p i p e t t e  o f a G ow er's haem ogl ob i n one t e r , sind 
m ixed w ith  th e  w a te r  i n  th e  tu b e . A s im i l a r  d i l u t e d  
s o lu t io n  o f  th e  b lo o d  was w e l l  shaken  w ith  C arbonic 
Oxide o r more c o n v e n ie n tly  w i th  c o a l gas and p la c e d  
in  a n o th e r  ( s h o r t e r )  tu b e , w hich  was f i l l e d  q u i te  
f u l l  and c o rk e d . T h is l a t t e r  s o l u t io n  was p re p a re d  
in  a l a r g e r  t e s t - t u b e  o r  sm a ll b o t t l e ,  w hich  was 
f i l l e d  w ith  c o a l gas th ro u g h  a  tu b e ,  an d  q u ic k ly  
c lo s e d  w ith  th e  thum b, b e fo re  th e  gas had  tim e  to  
e sc a p e .
S ta n d a rd  carm ine was now added from  a narrow  
b u r e t t e  t o  th e  b lo o d  u n d er e x a m in a tio n  u n t i l  th e
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t i n t  was t h e  same as t h a t  o f  t h e  s a t u r a t e d  b lo o d  s o l ­
u t io n .  When th e  t i n t s  became n e a r ly  e q u a l ,  th e  carm ­
in e  was added i n  q u a n t i t i e s  o f n o t m ore th a n  .2  c . c .  a t 
a  tim e  and th e  p o in t s  w ere  n o te d  a t  w h ich  th e r e  was 
j u s t  a p p re c ia b ly  to o  l i t t l e ,  and j u s t  a p p re c ia b ly  
to o  much c a rm in e , th e  m ear betw een th e s e  p o in t s  b e ­
in g  ta k e n  as th e  c o r r e c t  T 'e s u lt .  The c a l c u l a t i o n  of 
th e  p e rc e n ta g e  s a t u r a t i o n  i s  i l l u s t r a t e d  by th e  f o l l ­
owing exam ple.
2 .1  c . c .  o f  carm ine  r e q u i r e d  to  be added to
e v ery  2 .0  c . c .  o f  d i l u t e d  norm al b lo o d  t o  re p ro d u c e
th e  s a t u r a t i o n  t i n t ,  w i th  a specim en  o f  p a r t i a l l y
s a t u r a t e d  b lo o d  o n ly  1 .6  c . c .  o f  carm ine  w ere r e q u i r e d .
In  th e  l a t t e r  specim en .. r: 24 ^2 .1  —  2 .1
o f  th e  haem og lob in  was com bined w ith  C arbon ic  O x id e ."
In  some o f th e  s a n p le s  o f  b lo o d  exam ined a t  th e  
T y lo rs to w n  e x p lo s io n , we n o t ic e d  t h a t  th e  b lood  h ad  to  
a  c e r t a i n  e x te n t  l o s t  i t s  pow er o f  chang ing  c o lo u r  when 
s a tu r a t e d  w ith  C arbon ic  O x ide . The s a t u r a t e d  s o lu ­
t i o n  h ad  a s l i g h t  y e l lo w is h  t in g e  as com pared m t h  th a t  
o f norm al b lood  s o lu t io n  s a t u r a t e d  in  th e  same way. I t
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was m a n ife s t  t h a t  th e  h aem o g lo b in  h a d  t o  a c e r t a i n  ex­
t e n t  decom posed, fo rm in g  a y e llm v is h  c o lo u re d  d e r i v a t i v e .  
T h is  d e c o m p o s itio n  m igh t be due  to  one o f  two t h i n g s ,  
j i  (1 )  P u t r I n a c t iv e  c h a n g e s , o r
(2 ) The i n h a l a t i o n  o f  S u lphurous A cid  p r e s e n t  i n  
th e  a f te r -d a m p .
So we exam ined t h e  b lo o d  a c o u p le  o f days a f t e r -  
js/ w ards when p u t r i  f a c t  io n  was s t i l l  f u r t h e r  advanced , b u t 
th e  r e s u l t  was e x a c t ly  t h e  same so t h a t  i t  was most 
l i k e l y  due t o  th e  p re s e n c e  o f S u lp h u ro u s A c id .
The fo re g o in g  t e s t  i s  n o t ,  how ever, a p p l i c a b le  on 
th e  s p o t ,  i n  t h e  p i t ,  on accoun t o f th e  bad  l i g h t ;  
th e r e  i s  how ever, a n o th e r  m ethod by w hich  th e  p re s e n c e  
o f  C arbon ic  O xide can be a e te c te d ,  and t h i s  m ethod d e­
pends on th e  d i f f e r e n c e  i n  th e  r a t e  of exchange betw een 
a i r  and  b lo o d  in  th e  lu n g s  in  v a r io u s  w arm -blooded a n i ­
m a ls . Take f o r  example a mouse and a man. The exchange 
betw een a i r  and b lo o d  in  t h e  lu ngs o f a mouse i s  20 
t im e s  as f a s t  as in  a man. T h e re fo re  i t  w ould  be ex­
p e c te d  t h a t  a mouse w ould ab so rb  a  p r o p o r t io n a l  amount 
o f  C arbon ic  Oxide abou t 20 tim es a s  r a p i d l y  as a man.
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I f  a mouse i s  ta k e n  in to  an  a tm o sp h ere  o f C arbon ic  
O xide , i t  w i l l  shorv symptoms o f C arbon ic  O xide p o is o n ­
in g  and th e  mouse w i l l  be a f f e c t e d  i n  ab o u t a tw e n t i e th  
o f  th e  tim e  r e q u i r e d  to  a f f e c t  a man; so t h a t  th e  symp­
tom s o f  t h e  an im al may be w a tch ed  w ith  s a f e ty  fo r  a  few 
m in u te s .
The mouse may be c a r r i e d  in  a sm a ll  cage o r  a lamp 
chim ney c lo s e d  a t  th e  ends w ith  w ire  g a u z e . When d a n g e r­
ous p e rc e n ta g e s  o f  C arbon ic  Oxide a re  e n c o u n te re d , th e  
mouse w i l l  b e g in  to  p a n t ,  and show s ig n s  o f  w eakness in  
th e  l e g s .  Should  th e  mouse su d d e n ly  become u n c o n sc io u s , 
danger i s  im m inent. T h is  a c t io n  o f  C arb o n ic  O xide on 
m ice was shown to  be o f v a lu e  i n  exam in ing  th e  d i f  f e r ­
e n t l e v e l s  o f  th e  S n a e fe l l  Lead M ine, I s l e  o f Man where
Hi
an u n d erg ro u n d  f i r e  to o k  p la c e  in  May 189?. % e n  Dr.
Le Neve P o s te r  th e  in s p e c to r  o f  m ines h a v in g  been  w ire d  
f o r ,  b ro u g h t a su p p ly  o f  m ice w ith  th e  o b je c t  o f em ploy­
in g  them  as in d ic a to rs^  o f  th e  p o iso n  in  c a se  i t  sh o u ld  
s t i l l  be p r e s e n t , a  mouse was p u t  in to  an im p ro v ise d  r e ­
c e p ta c le  and t h i s  was a t ta c h e d  t o  th e  w in d in g  r o p e ,  
w h i l s t . l i g h t  ed c a n d le s  w ere p la c e d  in s id e  th e  k ib b le .
R e p o rt on th e  S n a e f e l l  Lead Mine a f t e r  an  u n d erg ro u n d  f i r e  
by C. Le Neve F o s t e r , E s q . , D .S c . ,  F .R .S . 1897.
By means o f t h i s ,  th e y  fo und  w ith o u t any dan g er to  
th e m se lv e s  t h a t  th e  a i r  was n o t bad  as  f a r  a s  th e  115 
fa thom s l e v e l  and th% t i t  became p o iso n o u s  a t  th e  130 
fa th cm s l e v e l # The m ice showed p r e c i s e l y  th e  same symp­
tom s as human b e in g s ;  f o r  i f  n o t c o m p le te ly  d ead  on 
a r r i v i n g  a t  th e  s u r f a c e ,  th q r  had l o s t  a l l  pow er in  
t h e i r  l e g s ,  w h i l s t  p in k n e s s  in  th e  snou t r e c a l l e d  th e  
p in k  l i p s  o f th e  dead  b o d ie s  o f th e  m in e rs .
D ea th  from  C arbon ic  O xide p o is o n in g  may be r e ­
c o g n ise d  from  th e  f a c t  t h a t  th e  c o lo u r  o f  th e  b lo o d  
a f t e r  d e a th  i s  m ore o r l e s s  r e d  in s te a d  o f b lu e .  The 
b o d ie s  th u s  o f te n  p r e s e n t  a v e ry  l i f e - l i k e  a p p e a ra n c e . 
The l i p s  and tongue  a re  p in k  and th e  s k in  has a l i f e ­
l i k e  r e d d is h  a p p e a ra n c e . T hese a re  th e  a p p ea ra n c es  th a t  
a r e  alw ays p r e s e n t  in  th e  c a se  o f men k i l l e d  by an ex­
p lo s io n  i n  th e  S ou th  W ales C o a l f i e ld .  I have  m y se lf  beer 
p r e s e n t  a t  th e  e x a m in a tio n  of t h e  b o d ie s  o f men re c o v ­
e re d  a f t e r  seven  e x p lo s io n s  and th e y  in v a r i a b ly  p r e s e n t  
th e  above a p p ea ra n c es  to  a l e s s e r  or g r e a t e r  d e g re e , 
and from  i n q u i r i e s  I have made o f o th e r  m ed ica l men who 
p r a c t i s e  in  th is  c o a l f i  e ld  th e y  a l l  a g re e  w i th  th e  d es­
c r i p t i o n  I have g iv e n  o f  t h e i r  a p p e a ra n c e .
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W ith  r e g a r d  t o  th e  t r e a tm e n t  o f  C arbon ic  Oxide p o i ­
s o n in g , t h e r e  i s  no doubt t h a t  i f  i t  c an  be u se d  im­
m e d ia te ly ,  Oxygen i s  o f  g r e a t  b e n e f i t  in  r a p id ly  c l e a r ­
in g  tlW  b lo o d  o f  th e  g a s ,  b u t Oxygen i s  n o t  u s u a l ly  a t  
hand  i n  th e  c a s e  o f an e x p lo s io n  i n  a p i t ,  and by th e  
tim e  a man. h a s  b een  b ro u g h t to  th e  s u r f a c e  Oxygen w i l l  
be p ro b a b ly  o f l i t t l e  u s e .  I f  th e  a i r  c o n ta in s  a f t e r -  
dSBrp th e  men sh o u ld  be rem oved o u t o f  i t  a t  o n ce . I f  
th e  b r e a th in g  i s  a t  a l l  sh a llo w , and i r r e g u l a r ,  a r t i ­
f i c i a l  r e s p i r a t i o n  sh o u ld  be em ployed u n t i l  i t  becomes 
r e g u l a r .  In  one c a se  a t  T y lo rs to w n  a r t i f i c i a l  r e s p i r a ­
t i o n  was p e r s i s t e d  i n  f o r  o v e r  tivo h o u r s ,  f o r  a s  soon a s  
i t  was s to p p e d , th e  b r e a th in g  became a g a in  sh a llo w  and 
i r r e g u l a r .  I f  th e  p u ls e  i s  weak s t im u la n ts  sh o u ld  be 
g iv e n . I u se d  hypoderm ic i n j e c t i o n s  o f  e th e r  to  th o s e  
c a se s  I  came acrow s in  g o in g  round  th e  p i t  a f t e r  th e  
e x p lo s io n  and  I found i t  to  be o f g r e a t  b e n e f i t .  The 
f i r s t  e f f e c t  o f  c o o l f r e s h  a i r  seems fo r  some re a so n  to  
be  somewhat d a n g e ro u s . We n o t ic e d  t h i s  in  some of th e  
re s c u e d  men a t th e  A lb io n  c o l l i e r y  e x p lo s io n  a t  P o n ty ­
p r id d  w hich  o c c u rre d  in  1894. F o r some o f  th e  men 
seemed to  lo s e  c o n sc io u sn e ss  on b e in g  b ro u g h t to  th e
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f r e s h  a i r .  P r o f i t i n g  by o u r  e x p e r ie n c e  a t  th e  A lb io n  
we h ad  p l e n ty  o f  b la n k e ts  and w a te r  b o t t l e s  warmed a t  
th e  c o l l i e r y  o f f i c e ,  an d  th e s e  seem ed to  be o f g r e a t  
s e r v i c e .  The e x p la n a t io n  o f  th e  bad  e f f e c t s  o f  th e  
c u r r e n t  o f c o o l a i r  i s  n o t  a l t o g e t h e r  c l  e a r .  I t  may 
b e  t h a t  th e  c o ld  i n  some way d im in ish e d  th e  b lood  
su p p ly  t o  th e  b r a in ,  o r p e rh a p s ,  t h e r e  i s  im pairm ent o f 
th e  h e a t  p ro d u c in g , o r h e a t  r e g u l a t i n g  f u n c t io n ,  and 
th u s  a r e d u c t io n  i n  th e  te m p e ra tu re  o f  th e  body ta k e s  
p la c e .
I t  i s  v e ry  d i f f i c u l t  to  t r e a t  th e  men b ro u g h t ou t 
a l i v e  from  th e  p i t  a f t e r  an  e x p lo s io n , in  t h e i r  own houset 
on acco u n t o f  th e  absence  o f  s k i l f u l  n u r s in g .  I t  i s  
v e ry  im p o rta n t to  w a tch  th e  te m p e ra tu re  as d e a th  from  
pneum onia i s  common. B um s and  i n j u r i e s  sh o u ld  be sp e ­
c i a l l y  lo o k ed  a f t e r  i n  o rd e r  t o  prom ote r e s t .
S u lphu rous A c id . T h is  g a s  i s  som etim es p r e s e n t  in  
a f te r -d a m p  and c a u se s  i r r i t a t i o n  o f th e  ey es and  a i r  
p a s s a g e s .  A cco rd ing  to  Lehmann as l i t t l e  as .001  %
A rc h iv . f u r  H ygiene V o l .x v i i i  (1898) p . 180 .
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p ro d u c e s  s l i g h t  i r r i t a t i o n  of th e  r e s p i r a t o r y  p a s s a g e s .  
W ith  .003  p e r  c e n t th e  symptoms o f  i r r i t a t i o n  a re  v e ry  
m arked . S u lp h u ro u s A cid  i s  th u s  an  e x c e e d in g ly  p o is o n ­
ous g a s ,  bu t th e  symptoms o f  i r r i t a t i o n  c au se d  by i t  
seem to  o c cu r lo n g  b e fo re  t h e r e  c o u ld  be any dan g er to  
l i f e .  I t s  p re s e n c e  in  a f te r -d a m p  t h e r e f o r e ,  a f f o r d s  a 
v e ry  v a lu a b le  i n d i c a t i o n  o f  d a n g e r . When S u lphurous 
A cid  i s  b re a th e d  in  p o iso n o u s  p r o p o r t io n ,  i t  c a u se s  de­
c o m p o s itio n  o f  th e  haem og lob in  so t h a t  th e  two a b so rp ­
t i o n  bands shown by th e  s p e c tro s c o p e  in  d i l u t e  b lo o d  
become f i n a l l y  much l e s s  v i s i b l e  th a n  u s u a l .  As t h e r e  
m ight have been  a p o s s i b i l i t y  o f p o iso n o u s  p r o p o r t io n s  
o f  S u lphu rous A cid  b e in g  p r e s e n t  i n  th e  a f te r -d a m p  a t  
T y lo rs to w n , we c a r e f u l l y  exam ined th e  b lo o d  fo r  e v id e n c e  
o f  d e co m p o s itio n  o f  t h e  h aem o g lo b in . A lth o u g h  th e  h ae ­
m og lob in  seems t o  have  been s l i j ^ t l y  decom posed, i t  
c o u ld  n o t  have c o n t r ib u te d  in  any m a te r i a l  way to w ard s  
d e a th .
Carbon D iox ide  and  N i t r o g e n :-  The o th e r  two g a se s  p r e s ­
e n t in  a f te r -d a m p  a r e  C arbon D io x id e  (C a rb o n ic  A cid) 
and N itro g e n .
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C arbon D io x id e  when p r e s e n t  i n  g r e a t  e x c e ss  i s  a 
d i s t i n c t l y  p o iso n o u s  g a s . I t  i s  som etim es s t a t e d  t h a t  
i t  o n ly  a c t s  by m ere ly  d i l u t i n g  th e  Oxygen p r e s e n t ,  
bu t t h i s  i s  a  m is ta k e .  I f  Carbon D io x id e  i s  m ixed w i th  
a i r  t o  th e  e x te n t  o f 50 i t  c a u se s  r a p id  d e a th  w h i l s t  
a i r  m ixed w i th  an e q u a l p r o p o r t io n  o f  N itro g e n  h as  v e ry  
l i t t l e  e f f e c t , bu t th e r e  i s  n e v e r  t h i s  p r o p o r t io n  o f 
C arbon ic  A cid gas in  th e  a tm osphere  a f t e r  an e x p lo s io n ,  
th e  p r o p o r t io n  i s  alw ays ■'onder 12 In  b r e a th in g  a i r  
c o n ta in in g  in c r e a s in g  p r o p o r t io n s  o f C arbon D io x id e , th e  
f i r s t  d i s t i n c t  e f f e c t s  a re  f e l t  w i th  abou t 3 or 4 
The r e s p i r a t i o n s  become s l i  ^ t l y  d e e p e r  b u t n o th in g  
f u r t h e r  i s  e x p e r ie n c e d . The r e s p i r a t i o n s  in c r e a s e  
w ith  th e  p e rc e n ta g e ,  b o th  i n  f re q u e n c y  and d e p th , u n t i l  
w i th  about 5 th e r e  i s  d i s t i n c t  p a n t in g .  At th e  sane  
tim e  s l i g h t  f r o n t a l  - headache  may be f e l t  w hich  o f te n  
in c r e a s e s  f o r  a s h o r t  t im e  when f r e s h  a i r  i s  a .gain 
b re a th e d . At 7 o r  8 ^  th e  p a n tin g  i s  v e ry  d i s t r e s s i n g ,  
e s p e c i a l l y  a t  f i r s t ;  and w ith  10 or 11 % th e  r e s p i r a t o r y  
d i s t r e s s  i s  ex trem e . W ith  a  l i t t l e  h ig h e r  p e rc e n ta g e  
c o n sc io u sn e ss  i s  benumbed o r  e n t i r e l y  l o s t ,  a l th o u g h  
l i f e  may n o t be en d an g e re d , a t  l e a s t ,  n o t  fo r many h o u rs ,
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ju d g in g  from  e x p e rim e n ts  on a n im a ls . The a c t io n  o f  
C arbon D io x id e  on l i ^ t s  depends e n t i r e l y  on th e  r e d u c ­
t i o n  o f  th e  Oxygen p e rc e n ta g e  w hich  accom pan ies th e  d i ­
l u t i o n  o f  t h e  a i r  w i th  Carbon D io x id e . 
n i t r o g e n ! -  T h is  g as  h a s  no s p e c i f i c  a c t io n  o r men o r 
a n im a ls . When added to  a i r  i t  a c ts  i n d i r e c t l y  by d im in ­
i s h in g  th e  Oxygen p e rc e n ta g e .  When N itro g e n  i s  added to  
a i r  so  t h a t  th e  Oxygen, p e rc e n ta g e  I s  r e d u c e d , v e ry  l i t t l e  
may be f e l t  b e fo re  th e  se n se s  become im p a ire d , and lo s s  
o f  pow er ov e r th e  lim bs o c c u rs .  I f  th e  r e d u c t io n  ta k e s  
p la c e  g r a d u a l ly ,  and i f  you w a tch  c a r e f u l l y  th e  symptoms, 
i t  w i l l  be n o t ic e d  th a t  a t  12 % o f  Oxygen th e  r e s p i r a ­
t i o n s  become f a i n t l y  d e e p e r .  At 10 % th e  r e s p i r a t i o n s  
a re  d i s t i n c t l y  d e e p e r  and. more f r e q u e n t  and  t h e  l i p s  
become s l i g h t l y  b l u i s h .  At 8 ^  th e  fa c e  b e g in s  to  
assume a  le a d e n  c o lo u r ,  th o u g h  th e  d i s t r e s s  i s  s t i l l  n o t 
g r e a t . W ith  5 o r  6 ^  th e r e  i s  d i s t i n c t  p a n tin g  and i t  
i s  accom panied by lo s s  o f pow er o v e r th e  lim bs and c lo u d ­
in g  o f  th e  se n se s  w hich  w ould p ro b a b ly  end in  d e a th .
L oss o f  c o n sc io u s n e s s  i s  q u ic k ly  su cceed ed  by c o n v u l­
s io n s  w h ich  a re  fo llo w ed  by c e s s a t io n  o f  th e  r e s p i r a ­
t i o n .  The h e a r t  s t i l l  c o n tin u e s  t o  b e a t ,  in  th e  c a se
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o f  c a t s  and d o g s , f o r  from  two t o  e ig h t  m in u te s ;  in  
man t h i s  p e r io d  i s  p ro b a b ly  lo n g e r  f o r  i t  seems to  be 
a  g e n e ra l  r u l e  t h a t  th e  l a r g e r  an  an im al i s ,  t h e  lo n g e r  
i t  w i l l  r e s i s t  a s p h y x ia t io n .  So long  a s  t h e  h e a r t  i s  
b e a t in g ,  how ever f e e b ly ,  an im at io n  may be r e s t o r e d  by 
a r t i f i c i a l  r e s p i r a t i o n .  T h is may be r e q u i r e d  to  be con­
t in u e d  f o r  a  c o n s id e ra b le  p e r io d ,  a s  th e  a f t e r  e f f e c t s  
o f  b e in g  d e p r iv e d  o f Oxygen a re  v e ry  s e r i o u s ,  and th e  
r e s p i r a t o r y  c e n tr e  may n o t r e c o v e r  f o r  some t im e . A f te r  
b r e a th in g  h as  been  e s t a b l i s h e d  c o n sc io u s n e s s  may n o t 
r e t u r n  f o r  many h o u rs ,  and c a r e f u l  t r e a tm e n t  may be r e ­
q u ire d  to  p re v e n t  d e a th  o c c u r r in g  a t  a l a t e r  s ta g e .
Smoke ; -  Some o f th e  most d i s a s t r o u s  a c c id e n ts  in  m ines 
have been  due to  th e  p o iso n o u s  a c t io n  o f smoke from  
underg ro u n d  f i r e s .  F i r e s  may o c cu r from  th e  sp o n ta n ­
eous com bustion  o f c o a l , i r o n  p y r i t e s ,  c o t to n  w aste  & c ., 
from  th e  c a r e le s s  u se  o f l i ^ t s ,  from  e n g in e s  u n d erg round  
o r  a s  a  r e s u l t  o f  g a s  e x p lo s io n  s e t t i n g  f i r e  to  b r a t t i c e  
c lo t h s ,  i g n i t i n g  b low ers o f g a s ; w h a tev e r be th e  cau se  
th e  p re se n c e  o f  an. u n d erg ro u n d  f i r e  i s  e x tre m e ly  d a n g e r­
ous e s p e c i a l ly  when i t  i g n i t e s  th e  t im b e r in g .  I f  t h e  
f i r e  o c c u rs  on o r  sp re a d s  t o  an  " in ta k e "  ro a d , t h e
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v e n t i l a t i o n  c u r r e n t  w i l l  c a r r y  th e  smoke o v er th e  m ine , 
k i l l i n g  a l l  who a re  u n a b le  to  e sca p e  from  i t .  I f  smoke 
h a s  t r a v e l l e d  some d i s ta n c e  i n  a mine I t  a p p ea rs  to  lo s o  
i t s  p u n g en t odour and d e p o s i t  t h e  su sp en d ed  p a r t i c l e s  
w h ich  o r d i n a r i l y  r e n d e r  i t  v i s i b l e .  T h is  g r e a t ly  i n ­
c re a s e s  th e  d an g er as t h e r e  i s  th e n  n o th in g  to  g iv e  
w a rn in g  o f  i t s  p re s e n c e .  T h is  o c c u rre d  a t  t h e  S n a e fe l l  
a c c id e n t  in  1897, when a number o f men d escen d ed  in to  
th e  s h a f t  w ith o u t t h e i r  s u s p ic io n s  b e in g  i n  any way 
a ro u se d  u n t i l  th e y  had  gone to o  f a r  t o  be a b le  to  r e ­
t u r n .
The p o iso n o u s  c o n s t i tu e n t  o f  smoke i s  C arbonic  Oxido 
T h is was c l e a r l y  e s t a b l i s h e d  i n  t h e  c a se  o f  th e  S n a e fe l l
Hra c c id e n t ,  w here th e  t im b e r in g  h a d  cau g h t f i r e .  A sam ple 
o f  t h e  p o iso n o u s  a i r  was c o l l e c t e d  and exam ined and was 
found  to  c o n ta in  1 .1  % o f  C arbon ic  O xide, b e s id e s ,  th e  
symptoms o f  th e  r e s c u e r s  an d  t h e  r e s u l t  o f  th e  exam ina­
t i o n  o f  th e  b o d ie s  w ere th e  same as  th o s e  n o te d  a t  T y lo r s ­
tow n.
fH ^
R e p o rt o f  t h e  S n a e f e l l  F i r e  by D r.C .L e  Neve F o s t e r .
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E x am in a tio n  o f  t h e  B od ies  o f  t h e  men k i l l e d  a t  t h e  
T y lo rs to w n  E x p lo s io n ; -
The b o d ie s  may be d iv id e d  i n to  two c l a s s e s
(1 )  Those  who h ad  been  k i l l e d  by a f t e r - d a n p ,
(2 )  Those who had  been  k i l l e d  i n s t a n t a n e o u s l y  by v i o ­
l e n c e .
The f i r s t  c l a s s  co m p rise s  52 c a se s  ( i . e .  91 % o f  
th e  w hole)
(1 )  Men k i l l e d  by a f t e r - d a m p ; -  The e x t e r n a l  a p p e a r ­
ance  o f  t h e  men k i l l e d  by a f te r -d a m p  v a r i e d  v e ry  much.
In  35 % o f  t h e  c a se s  t h e r e  w ere  no marks o f  b u rn in g  o r  
v i o l e n c e .  In  a  number o f  t h e  re m a in in g  c a s e s ,  t h e  f a c e ,  
h an d , suid o th e r  ex posed  p a r t s  o f  t h e  s k in ,  were more or 
l e s s  c o v e red  by a t h i n  l a y e r  o f  a d h e re n t  c o a l  d u s t ,  so 
t h a t  i n  ex trem e c a s e s ,  th e y  a p p e a re d  as i f  th e y  had been 
c h a r r e d .  There w a s ,h o w ev e r ,  no r e a l  c h a r r i n g  o f  any p a r t  
o f  t h e  b o d ie s ,  f o r  when we rubb ed  o f f  t h e  coal d u s t ,  i t  
was found  t h a t  t h e  s k i n  was p r a c t i c a l l y  i n t a c t ,  e x c e p t ,  
t h a t  th e  o u te r  l a y e r  o f  t h e  e p id e rm is  was lo o se n e d  and 
t h a t  t h e r e  was c o n g e s t io n  o f  th e  u n d e r ly in g  derm is i n  
many p a r t s .  T h is  a p p e a ra n c e  of c h a r r i n g  was e v id e n t l y  
p ro d u ced  by a  l a y e r  o f  c o a l - d u s t  T ^ ic h  had  co v ered  th e
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s k i n  and h a d  a d h e re d  f i r m l y  t o  i t ,  d u r in g  o r  im m ed ia te ly  
a f t e r  t h e  e x p lo s io n .  I n  some o f  t h e  b o d ie s  t h i s  had  
been w ashed  o r  ru b b ed  o f f  a f t e r  d e a t h ,  when i t  co u ld  
be s e e n  t h a t  t h e  marks o f  b u rn in g  or s c a l d i n g  a s s o c i a t ­
ed  w i t h  t h e  l a y e r  o f  d u s t  w ere  o f t e n  d i s t r i b u t e d  i n  
b l o tc h e s  a lm ost as  i f  some hot l i q u i d  h ad  been thro?m  
i n  d rops  a g a i n s t  t h e  s k i n ,  and i n  many c a s e s  we n o t i c e d  
t h a t  th e  a d h e re n t  c o a l - d u s t  was o n ly  p r e s e n t  on one s id e  
o f  t h e  f a c e  o r  body and i t  is  most p r o b a b le  t h a t  t h i s  
s i d e  was th e  one w hich had  been ex p o sed  to  th e  b l a s t  o f  
t h e  e x p lo s io n .  The a d h e re n t  dust ta k e n  from one o f  th e  
b o d ie s  (N o .4 sf^  was m ic r o s c o p ic a l l y  examined and was 
found t o  c o n s i s t  o f  b o th  ro u n d ed  and a n g u la r  p a r t i c l e s ,  
t h e  l a t t e r  g r e a t l y  p re d o m in a t in g .  The o u t e r  l a y e r  o f  
e p id e rm is  c o v e r in g  t h e  b a c k s  o f  t h e  han ds  in  many c a se s  
was c o m p le te ly  lo o s e n e d ,  so t h a t  i t  c o u ld  be p e e le d  o f f  
i n  th e  same way as when a p o u l t i c e  h a s  b e en  a p p l i e d  
f o r  some t im e .  We n o t i c e d  t h a t  when p i e c e s  o f  t h e  l o o s ­
ened e p id e rm is  were removed t h a t  th e  u n d e r ly in g  s k i n  on
^  These  numbers c o rre sp o n d  t o  t h e  numbers and d e s c r i p ­
t i o n s  a t  th e  end ,
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t h e  back  o f  t h e  hands and f i n g e r s  was a s  a r u l e  q u i t e  
w h i t e  and f r e e  from  c o n g e s t i o n .  I t  w as on ly  on t h e  palm s 
o f  t h e  hands where t h e  b lo o d  su p p ly  i s  n o rm a l ly  more ab­
u n d a n t ,  t h a t  a r e d  c o lo u r  c o u ld  be s e e n .  The most con­
s t a n t  s i g n  o f  b u rn in g  was s in g e in g  o f  t h e  h a i r ,  and w h is ­
k e r s .  I n  some c a se s  most o f  t h e  h a i r  was s in g e d  o f f .  
There  was no lymph b e n e a th  t h e  lo o s e n e d  e p id e rm is ,  show­
in g  t h a t  i t  had n o t  been s e p a r a t e d  by o r d in a r y  b l i s t e r ­
in g .  The s u p e r f i c i a l  b u rn in g  o r  s c a l d i n g  in  seme c a s e s ,  
seemed t o  be s u f f i c i e n t  from  i t s  e x te n t  to  have f i n a l l y  
c a u se d  d e a th ,  a p a r t  from t h e  e f f e c t s  o f th e  a f te r -d a m p .  
B e s id es  t h a t  a s s o c i a t e d  w i t h  c o a l - d u s t ,  t h e r e  was i n  
some c a se s  b u rn in g  w hich  had  been  cau sed  by flam e or 
h e a t e d  a i r  a lo n e .  T h is  was i n d i c a t e d  by s in g e in g  o f  t h e  
h a i r ,  c o n g e s t io n  o f  t h e  s k i n ,  and  som etim es lo o s e n in g  
o f  th e  e p id e rm is  i n  p a r t s  w hich had been most p ro b a b ly  
f a c in g  a b l a s t  o f  h e a te d  a i r  o r  a f te r -d a m p .  We f r e q u e n t ­
l y  saw' t h a t  a l a y e r  o f  c o a l - d u s t  c o v e re d  th e  i n s i d e  s u r ­
fa c e  o f  t h e  m outh and n o s e .  So t h a t  i t  m ight be p o s s i b l e  
t h a t  some o f t h e  men m ight have been  k i l l  ed by s u f f o c a ­
t i o n  from  m ech an ica l  o b s t r u c t i o n  o f  t h e  a i r  p a s s a g e s ,
by d u s t .  In  no c a s e ,  how ever, was d e a th  due to  t h i s
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cause* I f  t h a t  h a d  been  t h e  c a s e ,  t h e  b lo o d  c o u ld  no t 
h av e  h a d  t im e  t o  become h i g h ly  s a t u r a t e d  w i t h  Carbonic  
Oxide as  was alw ays t h e  c a s e  when much d u s t  was found 
i n  t h e  mouth* We n o t i c e d  no d e f i n i t e  s ig n s  o f  s c a l d i n g  
iü s l tb e  t h e  mouth* Some o f  t h o s e  who d ie d  from a f t e r ­
damp had  r e c e i v e d  i n j u r i e s ,  s u c h  a s ,  b r u i s e s ,  f r a c t u r e  
o f  t h e  lim bs o r  Jaw, o r  s k u l l ,  and d i s l o c a t i o n *  In  one 
o r  two of t h e  c a se s  th e  f r a c t u r e  o f  t h e  s k u l l  was e v id e n t  
and i n  o th e r s  i t  was p r o b a b le  from  t h e  e x i s t e n c e  o f  ooz­
in g  o f  b lo o d  from  th e  e a r s . In  two c a s e s  i n j u r i e s  o f 
t h i s  k in d  would u n d o u b te d ly  have c au se d  d e a th  even i f  
t h e  men had  s u rv iv e d  t h e  a f t e r -d a m p .  In  n e a r l y  ev e ry  
c a s e  o f  d e a th  from  a f t e r - d a n p ,  t h e  p a r t s  o f  t h e  s k in  or 
mucous membrane th ro u g h  w h ich  th e  c o lo u r  o f  t h e  b lood  
c o u ld  be o b se rv e d ,  had  a r e d  o r  p in k  c o lo u r ,  i n s t e a d  o f  
b e in g  b lu e  o r  p a l e ,  as  i s  t h e  c a se  from  any o t h e r  c a u se .  
So t h a t  o f t e n  t h i s  re d d e n in g  se e n  i n  t h e  fa c e  and hands 
gave t h e  b o d ie s  an e x t r a o r d in a r y  a p p ea ra n c e  of l i f e .  In  
some c a se s  th e  f a c e  was p a l e ,  so t h a t  th e  r e d  c o lo u r in g  
was n o t  v e ry  e v i d e n t .  The p in k  o r  carm ine  c o lo u r  was u s ­
u a l l y  w e l l  marked on t h e  l i p s ,  th o u g h  th q y  were sometimes
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a l s o  p a l e .  I t  was o f t e n  n e c e s s a r y  t o  ru b  sway th e  c o a l -  
du s t  from  th e  i n s i d e  o f  t h e  l i p s  i n  o rd e r  to  se e  t h e  
c o lo u r .  I t  was o f t e n  p r e s e n t ,  i n  i r r e g u l a r  p a tc h e s  on 
t h e  n e ck ,  c h e s t ,  and s h o u ld e r s  and  one or two r e d  c o l ­
o u re d  v e in s  c o u ld  a l s o  som etim es be d i s t i n g u i s h e d .  The 
n a i l s  w ere  p in k ,  b u t  where th e  e p id e rm is  c o u ld  be p e e l e d  
o f f  t h e  h a n d s ,  we co u ld  d i s t i n g u i s h  b e s t  o f  a l l  t h e  c h a r ­
a c t e r i s t i c  c o lo u r .  In  t h e s e  c a s e s  t h e  s k i n  o f  t h e  back 
p a r t s  o f  t h e  hands and f i n g e r s  was u s u a l l y  p a l e ,  bu t 
on t h e  p a lm ar  s u r f a c e ,  th e  b r i g h t  carm ine r e d  c o lo u r  of 
t h e  b lo o d  was v e ry  s t r i k i n g .  A g la n c e  a t  t h i s  p a r t  was 
s u f f i c i e n t  t o  d e te rm in e  t h e  c a u se  o f  d e a t h .
T here  seemed to  be o n ly  one c a u se  w hich  c o u ld  a c c o u i t  
f o r  t h e  carm ine  r e d  c o lo u r  of t h e  b lo o d ,  n a n e ly .  Garb on 
O xide . To make s u r e ,  wc exam ined th e  b lo o d  on th e  s p o t ,  
w i th  th e  s p e c t r o s c o p e ,  i n  tb e  f i r s t  two h o u ses  w hich we 
v i s i t e d .  One o f  th e  b o d ie s  from  w hich  b lo o d  was t a k e n ,  
was s in g e d ,  and much b la c k e n e d  by d u s t ,  w h ils t  t h e  o th e r  
showed no s ig n s  o f  burning and had  been  found  b e s id e  a 
l i g h t e d  lamp. The b lo o d  was o b ta in e d  by opening  t h e  
e x t e r n a l  j u g u la r  v e in ,  and was o f  a da rk  c a rm in e - re d
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c o lo u r .  A d rop  was d i l u t e d  w i t h  w a te r  u n t i l  t h e  two ab­
s o r p t i o n  bands came out s h a r p ly  on exam in ing  th e  s o l u t i o n  
i n  a  t e s t  t u b e .  Ammonium S u lp h id e  s o l u t i o n  was th e n  added 
t o  a b so rb  th e  Oxygen p r e s e n t  and th e  s o l u t i o n  s l i g h t l y  
warmed. The bands rem a in ed  a lm o s t  a s  s h a rp  as  b e f o r e ,  
"vdiich i n d i c a t e d  n o t  o n ly  t h a t  C arbon ic  Oxide was p r e s e n t ,  
b u t  t h a t  th e  haem oglob in  was n e a r ly  s a t u r a t e d  w i th  i t .  We 
th e n  d e te rm in e d  th e  p e r c e n ta g e  s a t u r a t i o n  o f  t h e  haemo­
g lo b in  w i th  C arbon ic  Oxide. The method employed was t h e  
c o l o r i m e t r i c  one, w hich  h as  been d e s c r ib e d  e a r l i e r .  The 
haem oglob in  was i n  b o th  c a se s  79 % s a t u r a t e d .  T h is  r e s u l t  
i s  o f  s p e c i a l  i n t e r e s t  a s  showing I b e l i e v e  f o r  th e  f i r s t  
t im e ,  th e  p e rc e n ta g e  s a t u r a t i o n  o f  t h e  b loo d  a t  t h e  moment 
o f  d e a th  from  C arbon ic  Oxide p o i s o n in g .
I t  m ight be suspected t h a t  i n  some c a s e s  th e  r e d  
c o lo u r  o f  t h e  exposed  s u r f a c e s ,  was p ro d u ced  a f t e r  d e a th  
by a b s o r p t io n  o f  th e  C arbonic  Oxide th ro u g h  t h e  s k i n ,  or 
mucous membrane, and t h a t  d e a th  was due t o  o t h e r  c a u se s  
such  a s ,  b u rn in g  o r  sh o ck . The b lo o d  w hich  we examined 
was ta k e n  from  th e  j u g u la r  v e in ;  t h i s  c o u ld  not have 
been a f f e c t e d  by p o s t-m o rtem  a b s o r p t io n  of C arbonic  Ox­
id e  and th e  c o lo u r  was q u i t e  as marked i n  l e s s  exposed
4 7 .
p a r t y ,  sucli as t h e  i n s i d e  o f  t h e  l i p s  o r  t i »  th ic k e n e d  
e p id e rm is  on t h e  f r o n t  o f  t h a n d s ,  a s  i n  more exposed  
p a r t s ,  such  a s  t h e  s k i n  o f  th e  f a c e .  One o f  t h e  men 
had a b r u i s e  on t h e  fa c e  w h ich  ho r e c e iv e d  d u r in g  th e  
b l a s t  o f  t h e  e x p lo s io n ,  and  t h e r e  was a sm a ll  swel 1 in#  
c o n ta in in g  b lo o d  b e n e a th  t h e  mucous membrane o f  t h e  l i p s .  
T h is  b lo od  w hich  had e v i d e n t l y  been e f f u s e d  a t  once was 
d a rk  b lu e ,  w h i le  t h e  r e s t  o f  t h e  l i p ,  th ro u g h  which t h e  
b lo o d  had  c i r c u l a t e d  f r e e l y  u n t i l  d e a th  was carm ine  r e d .  
Had i t  been  p o s s i b l e  f o r  C arbon ic  Oxide t o  d i f f u s e  i t ­
s e l f  th ro u g h  th e  s k in  o r  mucous membrane and been c a p a ­
b l e  o f  r e d d e n in g  th e  u n d e r ly in g  b lo o d ,  t h e  e f f u s e d  
b lo o d  would have been r e d  l i k e  t h a t  o f  t h e  r e s t  of t h e  
l i p .  F u r t h e r  e v id e n ce  on t h i s  p o in t  was p r e s e n t e d  by t h e  
ap p ea ran ce  o f  t h e  b o d ie s  o f  men who had e v id e n t l y  been 
k i l l e d  a t  o n ce . In  t h e s e  c a s e s  t h e  c o lo u r  o f  t h e  b lood  
i n  t h e  b o d ie s  was b lu e ,  w henever i t  co u ld  be d i s t i n g u i s h ­
ed  ( i . e .  N o s .2 ,2 0 ,  56) as t h e s e  b o d i e s , a l l  o f  w hich  were 
b u r n t ,  more or l e s s ,  must have  l a i n  i n  t h e  v e ry  m ids t 
o f  t h e  a f te r -d a m p ,  i t  seems c l e a r  t h a t  t h e r e  was no con­
s i d e r a b l e  a b s o r p t io n  o f  C arbo n ic  Oxide th ro u g h  t h e  s k in  
a f t e r  d e a th .
4 8 .
I n  two c a s e s  o f  s u f f o c a t i o n  (Nos. 19, 21) th e  app­
e a ra n c e s  d i f f e r e d  from  w hat h a s  j u s t  been  d e s c r ib e d .
The fa c e  and l i p s  were o f  a r e d d i s h  b lu e  c o lo u r  i n s t e a d  
o f  b r i g h t  r e d  o r  p in k .  The v e in s  on t h e  f r o n t  o f  th e  
f a c e ,  neck  and u p p e r  p a r t  o f  t h e  c h e s t  w ere  d i s t e n d e d  
and v i s i b l e ,  a netw ork o f  b lu e  v e in s  was p a r t i c u l a r l y  
p ro m in en t  on t h e  u p p e r  p a r t  o f  t h e  c h e s t .  The f a c e  was 
g r e a t l y  c o n g e s te d .  D ea th  was p ro b a b ly  due i n  t h e s e  c a se s  
t o  a c u t e  s u f f o c a t i o n  b ro u g h t  about by co m p le te  o r  n e a r l y  
com plete  a b sen ce  o f  Oxygen in  t h e  a i r ,  combined w i th  
t h e  p r e s e n c e  o f  C arbon ic  Oxide o r  i t  may b e ,  by th e  p r e s ­
ence o f  such  a l a r g e  p e rc e n ta g e  o f  C arbon ic  Oxide t h a t  
d e a th  o c c u r re d  b e fo re  t h e  venous b lo o d  had t im e  to  become 
more th a n  p a r t i a l l y  s a t u r a t e d  w i t h  C arbon ic  Oxide.
In  two c a se s  (N os. 38 & 42) t h e r e  was no re d d e n in g  
o f  t h e  b lo o d .  We exam ined a sample of t h e  b lo o d  o f  one 
o f  t h e  b o d ie s  (N o .42) and t h e r e  was no t r a c e  o f  C arbon ic  
Oxide bands w i t h  t h e  s p e c t r o s c o p e .  Nor was t h e r e  any 
t r a c e  found  on a n a l y s i s .  T here  w ere  no m arks o f  b u m s  
o r  v io le n c e  w h ich  w ere  s u f f i c i e n t  to  c a u se  im m ediate 
d e a th  so  t h a t  i t  seems p ro b a b le  t h a t  t h e s e  men had  d ie d
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i n  f r e s h  a i r  some h o u rs  a f t e r  t h e  e x p lo s io n  w i th o u t  r e ­
c o v e r in g  c o n s c io u s n e s s ,  f ro m  th e  a f t e r  e f f e c t s  o f p o i s o n ­
in g  by C arbon ic  Oxide an.d t h a t  t h e r e  had e la p s e d  a s u f f ­
i c i e n t  t im e  b e fo r e  d e a th ,  f o r  th e  b lo o d  to  f r e e  i t s e l f  
from  C arbon ic  O xide . The body o f  one of t h e s e  (N o .38) 
was found  abou t 10 h o u rs  a f t e r  t h e  e x p lo s io n ,  c l o s e  to  
a  man who was s t i l l  a l i v e  and who r e c o v e r e d  u n d e r  ou r 
t r e a t m e n t .  D eco m po sit ion  was f a r  advanced i n  most o f  
t h e  b o d ie s  even w i t h in  48 h o u rs  o f d e a th .  Decomposi­
t i o n  seemed t o  have  been g r e a t l y  h a s te n e d  by t h e  f a c t  o f  
t h e  b o d ie s  h a v in g  l a i n  f o r  a day i n  t h e  warm a i r  o f  
t h e  p i t .
(2 )  Men k i l l e d  by v i o l e n c e ; -  In  t h e  f i v e  c a s e s  where 
d e a th  was i n s t a n t a n e o u s ,  t h e  i n j u r i e s  i n f l i c t e d  gave 
e v id e n ce  o f  g r e a t  v i o l e n c e .  In  one c a se  (N o .2) t h e r e  
was d i s l o c a t i o n  o f  t h e  s p i n a l  colum n, and one s h o u ld e r ,  
and f r a c t u r e  o f  t h e  s k u l l  and one arm. I n  N o .20. 
t h e r e  was f r a c t u r e  o f b o th  a z m is ,d i s l o c a t i o n  o f  one h ip  
j o i n t ,  and f r a c t u r e  o f  t h e  s k u l l .  I n  N o .25 most o f th e  
s k u l l  and b r a i n  were sm ashed away. In  No. 4 7 ,  t h e  h e ad ,  
l e g s  and arms w ere  t o m  from  t h e  body. In  N o .56 , t h e  
m u t i l a t i o n  was n e a r l y  as g r e a t .
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From what h a s  b e e n  w r i t t e n  t h e  q u e s t io n  m ight be 
a sk ed  c o u ld  n o t  d e a th  h a v e  o c c u r r e d  from  d e f i c i e n c y  
o f  Oxygen and n o t  from t h e  p r e s e n c e  o f  C a rb o n ic  O xide.
At t h e  T y lo rs tow n  e x p lo s io n  u n d o u b te d ly  t h e  c a u se  of 
d e a th  was i n  n e a r l y  every, c a s e  due t o  C arbon ic  Oxide 
and  n o t  want o f  Oxygen. When d e a th  o ccu rs  from  absence  
o f  Oxygen i n  t h e  a i r  t h e  a p p e a ra n c e s  met w i th  a re  marked 
b lu e n e s s  o f  th e  f a c e ,  l i p s ,  to n g u e  &c. w i t h  d i s t e n t i o n  
o f  th e  v e in s  o f  t h e  neck  and p a r t  o f  t h e  c h e s t .  I f  Car­
bo n ic  Oxide i s  a l s o  p r e s e n t  t h e  b lu e  c o lo u r  i s  n e v e r ­
t h e l e s s  n o t  r e p l a c e d  by a d i s t i n c t  r e d .  D eath  o ccu rs  
b e fo re  t h e  venous b lo od  has t im e  t o  become s a t u r a t e d  w i t h  
-C arbon ic  O xide . E xcept Nos. 19 and 21 , none of t h e  bod­
i e s  o f  man k i l l e d  by a f te r -d a m p  a t  t h e  T y lo rs to w n  e x p lo ­
s i o n  showed t h e  a p p e a ra n c e s  J u s t  m en t io n ed . Hence i t  
fo l lo w s  t h a t  Oxygen s u f f i c i e n t  t o  su p p o r t  l i f e  must 
have been  l e f t  i n  t h e  a irw ays  a l l  a lo n g  t h e  t r a c k  of th e  
e x p lo s io n .  One would  have th o u g h t t h a t  as  C arbonic  Oxide 
was p r e s e n t  i n  t h e  a f t  er-damp a l l  t h e  Oxygen o f  t h e  a i r  
must c e r t a i n l y  have been u se d  up and t h a t  men i n  t h e  
trsMsk o f  t h e  e x p lo s io n  must be k i l l e d  by t h e  ab sen ce  o f  
Oxygen i f  n o t  by o th e r  m eans. But t h e r e  were o t h e r  p ro o f s
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t h a t  Oxygen was p r e s e n t  im m e d ia te ly  a f t e r  th e  p a ssa g e  
o f  t h e  f la m e ,  f o r  a  sm a ll  f i r e  was d i s c o v e re d  n e a r  th e  
" f a c e "  i n  a p a r t  o f th e  p i t  t r a v e r s e d  by t h e  e x p lo s io n .  
T h is  f i r e  was c au se d  by a sm a ll  b lo w er  a t  the  fa c e  b e ing  
i g n i t e d  by t h e  e x p lo s io n .  A t o th e r  p l a c e s  t h e r e  was e v i ­
dence o f  t im b e r  and b r a t t i c e  c l o t h s  h a v in g  been b u rn t  
f o r  a t im e  a f t e r  t h e  e x p lo s io n ,  arid i n  one p l a c e  a man* s 
cap was found  b u r n t .
THE SAVING OF LIFE AFTER A COLLTEBJ EXPLOSION.
F i r s t  o f  a l l ,  w i th  r e g a r d  t o  th e  men im p r iso n e d  in  th e  
m ine , a t  t h e  f a c e ,  o r  beyond t h e  t r a c k  of th e  e x p lo ­
s i o n .  The r u s h  o f  a i r  and c o a l  d u s t  d r iv e n  towards them 
o f t e n  e x t i n g u i s h e s  t h e i r  lam ps, th e y  th e n  t r y  t o  make 
a t  once f o r  t h e  s h a f t  a lo n g  t h e  o r d in a r y  " in ta k e "  h a u l ­
age  r o a d s .  The men soon meet th e  a f te r -d a r r p  on t h e  ro a d s  
and d ro p .  The b e s t  p l a n  f o r  t h o s e  im p r iso n e d  would be 
t o  rem a in  w here th e y  a r e ,  and i f  p o s s i b l e  to  p u t  up c u r ­
t a i n s  o r  a n y th in g  c o n v e n ie n t  betw een th e m se lv e s  and th e  
m ain ro a d s  i n  o r d e r  t o  keep back th e  a f te r -d a m p ,  and 
th e  b e s t  p o s i t i o n  f o r  t h e s e  c u r t a i n s  would be a t  a p o in t  
beyond a door opened to ivards a r e t u r n  a irw a y ,  so t h a t  
when t h e  v e n t i l a t i o n  was r e s t o r e d ,  t h e  a f te r -d a m p  c a r ­
r i e d  b e f o r e  i t ,  sh o u ld  have a f r e e  p a ssa g e  in to  th e  r e t u r n
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a i r - w a y s  and n o t  h e  d r iv e n  in  upon t h e  men. Any a t te m p t  
t o  g e t  ou t s h o u ld  be done w i t h  c a u t io n  and sh o u ld  a f t e r ­
damp be m e t ,  t h e  o n ly  s a f e  c o u rs e  i s  t o  r e t i r e  b e fo re  
i t ,  a n d ,  when a number o f  p e r s o n s  a re  en d ea v o u rin g  to  
g e t  o u t ,  one man o n ly  s h o u ld  go on b e fo r e  th e  o t h e r s ,  
so  t h a t  i f  he s h o u ld  f a l l  t h e  r e s t  may b r in g  him back 
in to  s a f e t y .  I t  i s  o f t e n  e a s i e r  t o  r e a c h  th e  s h a f t  by 
th e  r e t u r n  a i r - w a y s ,  th a n  by t h e  h a u la g e  r o a d s .  IVhat 
may be done by b e in g  c o o l  and c o l l e c t e d  was shown in  
t h e  c a se  o f  a f i  reman named H o d rick  W illiam s who was 
a lo n e  i n  one o f  t h e  d i s t r i c t s  o f  th e  T y lo rs to w n  c o l l i e r y  
a t  t h e  t im e  o f  th e  e x p lo s io n .  He t o l d  me, t h a t  f i n d i n g  
t h e  o r d in a r y  ro a d  t o  th e  s h a f t  b lo c k e d  by a f te r -d a t i^ ) ,  
h e  r e t u r n e d  b e fo re  i t  and went ro u n d  by th e  r e t u r n  a i r ­
way. A gain  m ee ting  a f te r -d a m p  b e fo r e  r e a c h in g  th e  s h a f t ,  
he r e t i r e d  in to  some o ld  w o rk in g s ,  and w a i t e d  f o r  a  
coup le  o f  h o u r s ,  a f t e r  w h ic h  he  found  t h a t  t h e  a f t e r -  
dagp had  c l e a r e d  s u f f i c i e n t l y  t o  en ab le  him  to  p a s s  
th ro u g h  t h e  do ors  in to  t h e  main roadw ay, where he met 
t h e  r e s c u e r s  on Iheirway i n  and h e lp e d  them t o  e x p lo re  
t h e  r e s t  o f  t h e  p i t .  He h a d  e sc a p e d  i n  two e x p lo s io n s  
b e f o r e ,  i n  t h e  same way.
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The f i r s t  t h i n g  t h a t  i s  th o u g h t  o f  by th o s e  on 
t h e  s u r f a c e  i s  g e t t i n g  t h e  a i r  i n t o  t h e  p i t .  I f  t h e  f a n  
h a s  been damaged o r  th row n out o f  a c t i o n  by i n j u r i e s  
a t  t h e  t o p  o f  t h e  u p c a s t  s h a f t ,  f r e s h  a i r  w i l l  a t  f i r s t  
p a s s  down t h e  u p c a s t  s h a f t  f r e e l y  i n  consequence  o f  t h e  
s u c t i o n  p ro d u ce d  by t h e  h e a t i n g  o f  t h e  s i d e s  and con­
t a i n e d  a i r  i n  thedow ncas t  s h a f t ,  so t h a t  r e s c u e r s  m ight 
p o s s i b l y  d escen d  by t h e  u p c a s t  s h a f t  and even p e n e t r a t e  
a  c o n s id e r a b le  d i s t a n c e  in w a rd s ,  so t h a t  t h e  work o f  
r e s t o r i n g  t h e  d o o rs  &c. co u ld  be s t a r t e d  upon a t  once , 
b u t  t h i s  work would be g r e a t l y  f a c i l i t a t e d  by u s in g  mice 
as i n d i c a t o r s  o f  t h e  p re s e n c e  of a f t e r - d a m p ,  a s  much t im e  
m ight o th e r w is e  be consumed i n  h e lp in g  d i s a b l e d  comrades 
o r  from u n c e r t a i n t y  as t o  where t h e  a f te r -d a m p  i s  s i t u a t ­
e d .
F o r  t h e  r e v i v a l  o f  d i s a b l e d  men i^ ie th e r  t h e y  have 
been b u r n t ,  and i n j u r e d  a s  w e l l  a s  p o i s o n e d ,  or n o t ,  t h e  
u s e  o f  Oxygen c y l i n d e r s  would be o f  g r e a t  s e r v i c e .  A l­
th o u g h  i n  s e v e r e  c a s e s ,  i t  w i l l  n o t  r e s t o r e  c o n s c io u s ­
n e s s ,  t h e  Oxygen w i l l  i n  a  few m in u te s  d r iv e  o u t  most 
o f  t h e  C arbon ic  Oxide from  t h e  b lo o d  and th u s  g iv e  a  man 
th e  b e s t  chance o f  coming ro u n d .
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I t  h a s  b e a n  p ro p o se d  t h a t  a i r t i g h t  r e f u g e  chambers 
sh o u ld  b e  c o n s t r u c t e d  w i t h  narrow  and s t r o n g  do u b le  doors 
At t h e  f a c e  th e y  m ight be o f  g r e a t  s e r v i c e ,  100 cu b ic  
f e e t  o f  a i r  would k e ep  a man a l i v e  f o r  10 h o u r s ,  A cham­
b e r  20 f t  s q ,  by 6 f t  h ig h  migpat th u s  p r e s e r v e  th e  l i v e s  
o f  24 men f o r  10 h o u r s .  I t  w ould  be p r o b a b ly  d i f f i c u l t  
i n  p r a c t i c e  t o  make su ch  r e f u g e  cham bers even a p p r o x i ­
m a te ly  a i r t i g h t ,  and th e  t r o u b l e  and expense  would be 
g r e a t .  What w ould  even be  b e t t e r  would be t o  p ro v id e  a t 
th e  w ork ing  p l a c e s ,  some a p p a r a tu s  f o r  m a in ta in in g  l i f e  
i n  i r r e s p i r a b l e  a tm psphere  and i f  e l e c t r i c  lamps w ere 
a ls o  p l a c e d  t h e r e  f o r  l i g h t  in g p a r t i e s  o f  men on t h e i r  
way o u t .  I t  would r e q u i r e  about 4 cu b ic  f e e t  of Oxygen 
t o  k e ep  a man a l i v e  f o r  two h o u rs  w h i le  making h i s  e s ­
cape t o  th e  s h a f t ,  o r  f o r  6 h o u r s ,  w h i le  rem a in in g  a t  
r e s t .  T h is  volume o f  Oxygen can  be com pressed  i n t o  a 
s t e e l  c y l i n d e r  o f  t h e  c a p a c i ty  o f  I f  p i n t s .  Then some 
a p p a r a tu s  would be r e q u i r e d  to  e c o n o m ic a l ly  b r e a t h  
t h i s  Oxygen. Compressed a i r  would n o t  be n e a r ly  so 
a v a i l a b l e  a s  p u re  Oxygen s in c e  a t  l e a s t  10 t im e s  as  much 
o f  i t  would be r e q u i r e d .  No r e s p i r a t o r  would be o f  any
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u s e  a g a i n s t  a f te r -d a m p ,  as t h e r e  i s  no known a b so rb e n t  
w hich  c o u ld  be p r a c t i c a l l y  a p p l i e d  t o  a r r e s t  C arbon ic  
O xide.
POST MORTEM APPEARANCES AND CAUSES OP DEATH OP THOSE 
KILLED AT TYLORSTOWN EXPLOSION.
No. D e s c r ip t i o n Cause o f  D ea th .
1.
2 .
E ngine  d r i v e r .  Body & hands 
b u r n t .  H a i r  and W hiskers  
s in g e d  - - - - - - - - - - -
O s t l e r .  Back o f  h ead  and r i g h t  
s i d e  o f  f a c e  c o v e red  w i t h  
c o a l  d u s t  and s in g e d .  L ip s  
and n a i l s  b l u i s h , ( n o t  p i n k ) .  
Ext ens iv e  s c a lp  wound b e h in d  
and p r o b a b le  f r a c t u r e  o f  s k u l l ,  
s p i n a l  column d i s l o c a t e d  i n  
d o r s a l  r e g io n .  F r a c t u r e  o f  
l e f t  hum erus, and d i s l o c a ­
t i o n  o f  r i g h t  s h o u ld e r ,  (Pound 
i n  s t a b l e  b e s id e  a  number o f 
l i v i n g  h o r s e s ,  and a compan- 
56.
C arbon ic  Oxide 
p o i s o n in g .
V io le n c e .











io n  who e sc a p e d .  I n j u r i e s  
p ro b a b ly  due to  v i o l e n t  con­
t a c t  w i t h  th e  t im b e r in g  o f  
th e  s t a l l s  and  t o  t h e  k i c k ­
in g  o f  th e  h o r s e s . )
C o l l i e r .  Body p a l e .  L ip s , t o n g u e ,  
and n a i l s  p in k .  No bu rn s  or 
i n j u r i e s .
O s t l e r .  No i n j u r i e s  o r  b u rns  
S k in  p a l e .  L ip s ,  ton gue  and 
n a i l s  p in k .
C o l l i e r ,  No burns  o r  i n j u r i e s .  
N a i l s  p in k .  L ip s  &c. p a l e  p in k .
C o l l i e r .  No bu rn s  o r  i n j u r i e s .  
S k in  p a l e .  L ip s ,  ton gue  and 
n a i l s  p a l e  p i n k .
C o l l i e r .  No b u m s  o r  i n j u r i e s  
S k in  p a l e .  L ip s  p a le  p in k ,  t o n  
and n a i l s  p in k
C o l l i e r .  No b u m s  or i n j u r i e s  
Some p a tc h e s  o f  p in k  on c h e s t .  
L ip s  c a rm in e - r e d .  N a i l s  p in k .
L a b o u re r ,  No b u m s  or i n j u r i e s  
P in k  f l u s h  on c h e s t  and n eck .  
L ip s  p in k .
C o l l i e r .  No burns o r  i n j u r i e s .  
Sk in  p a l e .  L ip s  to n g u e  and 
n a i l s  p a l e  p in k .
L a b o u re r .  No b u rn s  o r  i n j u r i e s .  
Tongue and l i p s  p i n k .
C o l l i e r .  No burns  o r  i n j u r i e s .  
Sk in  p a l e .  L ip s  and ton gue  
p in k .  Haemoglobin o f  b lo o d
5 7 .
C arbon ic  Oxide 
p o i s o n in g .
C arbon ic  Oxide 
p o is o n in g
C a ib o n ic  Oxide 
p o is o n in g .
C arbon ic  Oxide 
p o i s o n in g .
Carbonic  Oxide 
mié p o is o n in g .
C arbonic  Oxide 
p o is o n in g
C arbon ic  Oxide 
p o is o n in g .
C arbon ic  Oxide 
p o is o n in g
C arbon ic  Oxide 
p o is o n in g
C arb o n ic  Oxide 
p o i s o n in g
No • D e s c r ip t i o n Cause o f  D ea th .
from  l e f t  e x t e r n a l  J u g u l a r  
v e in  fo u n d  t o  b e  79 % s a t u r a ­
t e d  w i t h  C arbon ic  O xide .
13 C o l l i e r .  No b u m s  o r  i n j u r i e s .  
S k in  p a l e  L ip s , t o n g u e  and 
n a i l s  p i n k .
C arbon ic  Oxide 
p o i s o n in g .
14. L a b o u re r .  No b u rns  or i n j u r i e s *  
T o n g u e , l ip s  and n a i l s  p i n k .
C arbon ic  Oxide 
p o is o n in g .
15. C o l l i e r .  Body c o v e re d  w i th  a 
l a y e r  o f  a d h e re n t  c o a l  d u s t ,  
and s c o rc h e d  s u p e r f i c i a l l y  
Lower jaw  f r a c t u r e d .  L ip s  
b r i g h t  r e d .
C arbon ic  Oxide 
p o is o n in g .
16, C o l l i e r .  Body c o v e re d  w i t h  a d ­
h e re n t  c o a l  d u s t  and s u p e r ­
f i c i a l l y  s c o rc h e d .  Tongue 
and l i p s  c o a te d  w i th  c o a l  d u s t  
L ip s  r e d  b e n e a th  th e  d u s t .
C arbon ic  Oxide 
p o is o n in g
17. F irem an . Maiks o f  s u p e r f i c i a l  
b u rn s  on f a c e ,  fo re a rm  and 
h a n d s .  S u p e r f i c i a l  l a y e r  o f  
e p id e rm is  on hand  lo o s e n e d .  
Under lo o se n e d  e p id e rm is  c a r ­
mine r e d  c o lo u r  se en  v e ry  d i s ­
t i n c t l y .
C arbon ic  Oxide 
p o is o n in g .
18. O s t l e r .  H a i r  s in g e d .  S ca lp  
wound L ip s  and n a i l s  p i n k .
C arbon ic  Oxide 
p o is o n in g .
19 . H a u l i e r .  No b u m s  o r  i n j u r i e s .  
Pace an.d neck much c o n g e s te d  
L ip s  r e d d i s h  b lu e .  Tongue p r o ­
t r u d e d  and b l u i s h .  A ne tw ork
C arbonic  Oxide 
po iso n in g *  and 




. 8 ,  11 , 12, 18 & 14 found  l y in g  dead t o g e t h e r  w i th  
VO lamps b-'rrning b e s id e  them.
58.
I
No . D e s c r i p t i o n Cause o f  D ea th .
o f  d i s t e n d e d  r e d d i s h - b l u e  
v e in s  p rom inen t on u p p e r  p a r t  
o f  c h e s t  (N o .21, who was found 
i n  t h e  same s t a b l e  a l s o  p r e s ­
e n te d  t h e s e  a p p e a ra n c e s ,  i»diich 
m ight be cau sed  e i t h e r  by 
p o i s o n in g  w i th  a  h ig h e r  p e r ­
c en tag e  o f  C arbon ic  Oxide th a n  
was u s u a l l y  p r e s e n t  or by a s ­
p h y x i a t i o n  from  d e f i c i e n c y  o f  
Oxygen a lo n g  w i th  C arbonic  
Oxide p o i s o n i n g . )
20 , L a b o u re r .  F r a c t u r e  o f  humerus 
i n  b o th  a r m s .D i s lo c a t io n  o f  
r i g h t  hii^ J o i n t .  B le e d in g  from  
e a r ,  and  p ro b a b ly  f r a c t u r e  o f 
b a se  o f  th e  s k u l l .  H a ir  and 
eyebrows s in g e d .  N a i l s  &c. 
b lu e  (n o t  p i n k ) .
V io len c e
2 1 . O s t l e r .  No burns o r  i n j u r i e s .  
Marked c y a n o s is  o f  f a c e  and 
c h e s t .  Pace dusky r e d .  N a i l s  
b l u i s h  p i n k .  Network o f  d i s t e n ­
ded r e d d i s h - b l u e  v e in s  on t h e  
u p p e r  p a r t  o f  t h e  c h e s t .
C arbonic  Oxide 
p o is o n in g ,  and 
want o f  Oxygen.
22 . O s t l e r .  Pace  and hands somewhat 
s c o rc h e d .  No i n j u r y .  Pace 
p in k  a l l  o v e r .
C arbo n ic  Oxide 
p o is o n in g .
29. C o l l i e r .  S l i g h t  s in g e in g  o f  
f a c e ,  h a i r  and w h is k e r s .  L ip s  
p a l e  p in k .
C arbonic  Oxide 
p o i s o n in g .
24. C o l l i e r  No i n j u r i e s  o r  b u rn s .  
Pace r e d .  N a i l s  p in k .
C arbonic  Oxide 
p o is o n in g .
25. L a b o u re r .  B ra in  and abdominal 
c a v i t y  expo sed . B o th  l e g s  and 
arms smashed. Body s c o rc h e d ,  
and c l o t h e s  t o r n  o f f .
59.
V io le n c e .







M a s te r  H a u l i e r .  P ace  and hands 
s c o rc h e d  s u p e r f i c i a l l y .  Pace 
v e r y  p i n k .  P in k  c o lo u r  a l s o  
v e ry  m arked u n d e r  lo o se n e d  
e p id e rm is  o f  f r o n t  o f  f i n g e r s .
F irem an . H a ir  s in g e d .  S u p e r f i ­
c i a l  b u rn  o f  f a c e ,  w h ich  i s  b r i c l  
r e d .  E p id e rm is  lo o s e n e d  ov­
e r  h a n d s ,  and  b r i g h t  r o d  c o l ­
o u r  v i s i b l e  und er  e p id e rm is  
o f  f r o n t  o f f i n g e r s .
C o l l i e r .  S u p e r f i c i a l  burns of 
f a c e ,  h a n d s ,  c h e s t  and b ack .
P in k  i n s i d e  l i p s ,  and w here 
e p id e rm is  p e e l e d  o f f  on f r o n t  
o f  f i n g e r s .
H a u l i e r .  S k in  s u p e r f i c i a l l y  
sc o rc h e d  on exposed  p a r t s .
Red c o lo u r  v i s i b l e  b e n e a th  
denuded e p id e rm is .  No i n j u r i e s ,
C o l l i e r .  Hands and fa c e  s u p e r ­
f i c i a l l y  s c o rc h e d ,H a i r  and 
w h is k e r s  s in g e d .  Ecchymosis 
o f  b lu e  c o lo u r  o f  lo w e r  l i p .
L ip s  o th e rw is e  r e d .  B leed in g  
from  e a r ,  and p ro b a b ly  f r a c ­
t u r e  o f  b a se  o f  th e  s k u l l .
C o l l i e r .  H a i r  s in g e d .  E p iderm is 
o f  hands lo o s e n e d .  L ip s  p in k  
Red f l u s h  on c h e s t  u n d e r  e p i ­
derm is on f r o n t  o f  hands c a r ­
mine r e d .
C arbon ic  Oxide 
p o i s o n in g .
C arbonic  Oxide 
p o is o n in g
8 2 J C o l l i e r .  S u p e r f i c i a l  b u m s  
f a c e ,  fo rea rm s  and h a n d s .
6 0 .
o f
H a i r
C arbonic  Oxide 
p o i s o n in g .
C arbonic  Oxide 
p o is o n in g .
C arbonic  Oxide 
p o iso n in g
C arbon ic  Oxide 
p o is o n in g .
C a rb o n ic  Oxide 
p o i s o n in g .
No. D e s c r ip t i o n Cause o f  D eath .
and eyebrows s in g e d .  Carmine 
r e d  c o lo u r  on l i p s  and u n d e r  
e p id e rm is  on f r o n t  o f  f i n g e r s .
e
8 8 . L a b o u re r .  Pace  p i n k .  L ip s  p a l e .  
T e e th  c lo s e d  on to n g u e .  N a i l s  
p in k .  No b u m s  or i n j u r i e s .
Garb on i c Cxi de 
p o i s o n in g .
3 4 . L a b o u re r .  No b u rn s  o r  i n j u r i e s  
S k in  p a l e .  L ip s  and n a i l s  p a l e  
p in k .
C arbon ic  Oxide 
p o i s o n in g .
35 . C o l l i e r .  No bu rns  o r  i n j u r i e s .  
P in k  f l u s h  on s k i n .  Pace l i f e ­
l i k e .  L ip s  p i î ik .
C arbon ic  Oxide 
p o i s o n in g .
3 6 . H a u l i e r .  S u p e r f i c i a l l y  s c o rc h e d  
a l l  o v e r  above l e g s .  No i n j u r ­
i e s .
C arbonic  Oxide 
p o i s o n in g .
37 . F i t t e r .  Body s u p e r f i c i a l l y  
sc o rc h e d  above l e g s .
C arbonic  Oxide 
p o i s o n in g .
38 . H a u l i e r .  S k in  p a l e .  H ard ly  any 
p in k  t i n g e  v i s i b l e  anyw here. 
B lood seems o n ly  p a r t i a l l y  s a t ­
u r a t e d  w i th  C arbon ic  O xide, and 
had p ro b a b ly  been  p a r t i a l l y  
f r e e d  by th e  a c t i o n  of f r e s h  
a i r  b e fo r e  d e a th .
C a rb o n i  c Oxi de 
p o i s o n in g .
39 . M a s te r  H a u l i e r .  Face co v e red  
w i th  caked  c o a l - d u s t .  E p i­
derm is p e e l e d  o f f  i n  p a r t s .  
P a r t s  o f  s k i n  have c o lo u r  o f  
r e d  s e a l i n g  wax. L ip s  b r i g h t  
r e d .  T e e th  c lo s e d  on to n g u e .
C arb on ic  Oxide 





, 33 , 34 , 35 & 38 w ere foun d  ly in g  tc  
o u rs  a f t e r  t h e  e x p lo s io n  a lo n g  w i t h  
t i l l  a l i v e ,  and who r e c o v e r e d  und er  1
61.
(g e th e r  abou t t e n  
I man who was 
,re  a tm o n t.
No. D e s c r i p t i o n Cause o f  Death,
4 0 .  H a u l i e r .  S u p e r f i c i a l ,  s c o rc h in g  
o f  hand  and f a c e .  H a i r  s in g e d  
Pace  v e r m i l i o n - r e d .  L ip s  
p in k .
4 1 .  L a b o u re r .  Hands, f a c e ,  body and 
l e g s  s u p e r f i c i a l l y  s c o rc h e d .
H a i r  s in g e d .  Face c a rm in e - r e d  
c o lo u r .
4 2 . L a b o u re r .  S co rch ed  a good d e a l  
on r i g h t  s id e  o f  c h e s t ,  f a c e ,  
and h a n d s .  H a ir  and eyebrows 
s in g e d .  No p in k  o r  r e d  c o l ­
our v i s i b l e .  No C arbon ic  Oxide 
found  i n  sam ple o f  b lo o d  t a k ­
en from e x t e r n a l  j u g u l a r  v e i n .  
May p ro b a b ly  have  di ed i n  f r e s h  
a i r  a f t e r  b lo o d  h a d  been f r e e d  
o f  C arbon ic  O xide.
48 .  C o l l i e r .  Face and body c o v ered
w i th  caked  d u s t .  U n re c o g n isa b le  
Pound w i th  no c l o t h e s  and o n ly  
one shoe on. D i s l o c a t i o n  o f  
l e f t  s h o u ld e r .  L ip s  b r ig h t  
p in k  b e n e a th  th e  c o a l  d u s t .
4 4 .  H a u l i e r .  S co rched  a l l  o v e r  su p ­
e r f i c i a l l y .  I n s id e  o f  mouth 
c o a te d  w i t h  c o a l  d u s t .  H a i r  and 
m oustache  s in g e d .  Red c o l ­
o u red  v e i n  v i s i b l e  on s h o u ld e r  
where p r o t e c t e d  from  b u rn in g  
Pace  carm ine  r e d .  L ip s  and 
tongue  v e ry  p in k  b e n e a th  t h e  dust 
N a i l s  p i n k .  Haem oglobin o f  
b lo o d  from  e x t e r n a l  j u g u la r  
v e in  found  to  be 79 p e r  c en t  
s a t u r a t e d .  No i n j u r i e s .
6 2 .
C arbon ic  Oxide 
p o i s o n in g .
C a rb o n i  c Oxi de 
p o i s o n in g .
C arbon ic  Oxide 
p o i s o n in g .
C a rb o n i  c Oxi de 
p o i s o n in g .
C arbon ic  Oxide 
p o is o n in g
No* D e s c r ip t i o n Cause o f  D ea th .
45* L a b o u re r .  S co rched  a l l  o v e r  body 
and h a n d s .  H a i r  s in g e d .  Un­
d e r  lo o se n e d  e p id e rm is  o f  f r o n t  
o f  f i n g e r s  carm ine  r e d  c o lo u r .
C a rb o n i  c Oxi de 
p o i s o n in g .
4 6 . C o l l i e r .  S u p e r f i c i a l l y  s c o rc h e d  
o v e r  exposed  p a r t ? .  H a i r  s i n g ­
ed . E p id e rm is  o f  hands l o o s ­
e ned , and on s t r i p p i n g  o f f ,  
carm ine  r e d  c o lo u r  v i s i b l e  
on f r o n t  o f  f i n g e r s .  Pace v e ry  
r e d .  L ip s  p in k .
C arbon ic  Oxide 
p o is o n in g .
4 7 . R i d e r .  Upper p a r t  o f  s k u l l  and 
b r a i n  n e a r l y  a l l  rem oved. Face 
and hands b u rn e d .  Both  arms 
f r a c t u r e d .
Vi o le n c e .
4 8 . O s t l e r .  S l i g h t  g e n e r a l  s c o r c h in g  
o f  exposed  s k in  and h a i r .  P in k  
p a tc h e s  on body. L ip s  and 
to n g u e  p in k .
C arbon ic  Oxide 
p o is o n in g .
49 . H a u l i e r .  H a i r  s in g e d  and fa c e  
s u p e r f i c i a l l y  s c o rc h e d ,  and 
b r i g h t  s e a l i n g  wax r e d  c o lo u r  
i n  p a t c h e s .  C oal d u s t  h a d  
been  washed o f f .  No i n j u r y .
C arbonic  Oxide 
p o i s o n in g .
50 . H a u l i e r .  S k u l l  f r a c t u r e d .  Gen­
e r a l l y  sc o rc h e d  on exposed  
p a r t s .  H a i r  s in g e d .  L ip s  r e d
C arbon ic  Oxide 
p o iso n in g *
51.
■
C o l l i e r .  Exposed p a r t s  o f  s k in  
sc o rc h e d .  H a ir  and eyebrows 
s in g e d .  I n s id e  o f  l i p s  p in k ,  
a l s o  un d e r  e p id e rm is  o f  f r o n t  
o f  h a n d s .
Carb oni c Oxi de 
p o is o n in g .
6 8 .
No. D e s c r i p t i o n Cause o f  D ea th .
52. C o l l i e r .  P a c e ,  hands and arms 
b a d ly  s c o rc h e d  on s u r f a c e .  Ep­
id e rm is  c o v e re d  w i t h  c o a l  d u s t  
Carmine r e d  c o lo u r  v i s i b l e  on 
f r o n t  o f  f i n g e r s  on p e e l in g  
o f f  e p id e rm is .
C arbon ic  Oxide 
p o is o n in g .
5 8 . P irem ari. Sup e r f  i c i a l  l y  s c o rc h e d  
o v e r  ex p o sed  p a r t s .  P ink  i n ­
s id e  l i p s ,  and u n d e r  lo o s e n e d  
e p id e rm is  on f r o n t  o f  f i n g e r s
C arbon ic  Oxide 
p o i s o n in g .
54 . C o l l i e r .  S k u l l  f r a c t u r e d .  Body 
s c o rc h e d  on exposed  p a r t s .  I n ­
s i d e  o f  mouth c o a te d  w i th  c o a l  
d u s t .  Wound o f  f i n g e r .  L ip s  r e d  
b e n e a th  t h e  d u s t .
C arbon ic  Oxide 
p o is o n in g .
55 . F irem an . Covered m t h  caked d u s t ,  
and g e n e r a l l y  s c o r c h e d . I n s i d e  
o f  mouth b r i g h t  r e d  b e n e a th  
t h e  d u s t .
C arbonic  Oxide 
p o is o n in g .
56. F irem an . Body much m u t i l a t e d .  Neck 
s e v e r e d ,  c h e s t  c o v e red  w i t h  cak ­
ed  c o a l  d u s t . R ig h t  le g  f r a c t u r ­
ed  and t w i s t e d .  L e f t  l e g  t o r n  o f i  
below  th e  k n e e .  R ig h t  sh o u ld e r  
t o r n  away, a l s o  h a l f  o f  l e f t  
arm. No r e d  c o lo u r  v i s i b l e .
V io le n c e .
57 . F irem an . Neck f r a c t u r e d .  S e v e re  
i n j u r y  o f  n o s e .  H a i r ,  c h e s t  and 
arms s c o rc h e d .  L ip s  b r ig h t  p in k  
Under e p id e rm is  o f  hands a ls o  
b r i g h t  p i n k .  Body was found  un­
d e r  a  f a l l ,  and t h e  f r a c t u r e  o f  
neck &c. e v id e n t l y  o c c u r r e d  
a f t e r  d e a th .
C arbon ic  Oxide 
p o is o n in g .
6 4 .
